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This Chemicals of Concern Technical Memorandum IS presented as part of the Basehe W k  
Assessment (BRA) for the 903 Pad, Mound Area, and East Trenches Area, o t h e m e  known 
as Operable Umt 2 (OU-2), located at Rocky Flats Plant The BRA, whch consists of the 
Human Health k s k  Assessment (HHRA) and the Envuonmental Evaluation, wdl be mcluded 
m the Phase I1 RCRA Fachty Inveshgahon/Remedial Investigation (RFI/RI) report for OU-2 
The RFI/RI IS bemg conducted pursuant to the U S  Department of Energy (DOE) 
Envuonmental Restorahon Program, a Comphance Agreement between DOE, the US 
Envnonmentd Protection Agency (EPA), and the State of Colorado Department of Health 
(CDH), and the Federal Fadty Agreement and Consent Order (Interagency Agreement), 
signed m 1991 

This technical memorandum has been developed to address the selection of chemcals of 
concern to be evaluated m the BRA, m particular the HHRA The identrfication of chemicals 
of concern WIII also help focus the efforts of the envnonmental evaluation, envuonmental 
transport modehg, descrqbon of the nature and extent of contammation, and remedy selection 

The HHRA wdl evaluate potenbal human health rdcs for on-site and off-site receptors under 
current land use and probable future land use conditions, assumrng no remedial action takes 
place at OU-2 Chemcals of concern are organic c h e m d ,  metals, or rahonuchdes that are 
site-related (1 e ,  potentially related to releases of wastes or waste sources m OU-2), that exceed 
background range, and that could be a signlficant threat to human health or the envuonment 
under the exposure conditions evaluated Chemicals of concern are identified for each medium 
(e g , groundwater, sod, or au) through which exposure to site-related chemicals could occur 
Therefore, the selection of chemcals of concern supports the quantfication of rBk from 
exposure to chemicals ma the exposure pathways identlfied m the Exposure Scenarios Technical 
Memorandum No 5 (DOE 1993a) 

Thls technical memorandum focuses on selectmg chemicals of concern rn groundwater, 
subsurface sod, and surface sod, which were the medm sampled durmg the Phase I and Phase 11 
RFI/RI at OU-2 Exposures can also occur through the au and surface water pathways 
Chemcals of concern for au and surface water are chemcals of concern in sod or groundwater 
that could be transported by ax or could mgrate from sod or groundwater to surface water 
exposure pomts 

1-1 
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This Technical Memorandum describes the process for selectmg chemicals of concern detected 
m groundwater, subsurface sod, and surface sod at OU-2 and summarues the chemicals of 
concern for each medium The general process to select potential chemicals of concern m 
groundwater, subsurface and surface sods 1s desmbed m Section 2 0 Sections 3 0,4 0, and 5 0 
present decision criteria s p d i c  to each medium and identlfy the chemicals of concern selected 
for each medium References used m thu document are provided m Section 6 0 

Appendlx A, "Background Comparmn for Metals and Radionuchdes," describes the stabtical 
methodology used to compare OU-2 data to background data and mcludes tables showmg the 
results of the statlstical tests Statlstical tests were used to iden* metals and radonuchdes 
whose concentrations exceed background levels and whch may therefore be site-related These 
metals and radonuchdes are retamed for further evaluation as potential chemicals of concern 

Appendlx B, "Rsk-Based Evaluation of Infrequently Detected Chemicals," presents the 
screenrng of mfrequently detected compounds ( CS percent detechon frequency) to identlfy 
those that merit further evaluation as potential chermcals of concern 

Appendlx C contalns a copy of the OU-2 report titled "Domeshc Water Supply Slmulations," 
September 10,1992 Thls document supports the identfication of the No 1 Sandstonehthologc 
unit for evaluation of hypothetical on-site mgestion of groundwater 

Appendlx D, "Dlssohred Metals and Radionuchdes, No 1 Sandstone, Background Comparmn," 
contarns results of the statshcal comparmn to background data for dlssolved metals and 
radionuchdes ln the No 1 Sandstone groundwater These results are used to support the 
dmussion of the signrficance of certam total (unfiitered) metals results from thls unit 

1-2 
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2.0 
CHEMICALS OF CONCERN SELECTION - PROCESS 

The general methodology for selectmg chemicals of concern for OU-2 is presented m Figure 2-1, 
Criteria for Identamg Chermcals of Concern The process is mtended to identlfy chemicals 
m each medlum that appear to be associated with waste releases or sources m OU-2 that could 
have adverse lmpacts on pubhc health under exposure scenarios mvolvmg that medium In t h  
way, the rlsk assessment 1s focussed on OU-2 consltuents that are potentmi health hazards 
Inorgamc compounds whose concentrations are within background range or that are m o r  
constituents (e g , rarely detected and/or of low tomcity) are excluded from the rlsk assessment 
Organic compounds that would contnbute ne-bly or not at all to overall rlsk are identhed 
but are not mcluded m the quanhtauve rsk assessment It 1s unportant that the chemicals of 
concern be carefully selected so that rlsk IS not underestmated and so as not to dlstract from 
the dommant rlsks assocrated wth the OU 

Thls selection process was based on guidance presented m b k  Assessment Guidance for 
Superfund, Volume I, Human Health Evaluation Manual, Part A (EPA 1989) The background 
comparlson methodology was based on the Fmal Background Geochemical Characteruation 
Report, Rocky Flats Plant (EG&G 1992) and on standard statistical evaluahon techniques 

The steps shown m Figure 2-1 and described m the followmg Sections were apphed to select 
chemicals of concern for all three media sampled durmg the remedlal mveslgation 
(groundwater, subsurface sod, and surface sol) Detads of the apphcation of the process for 
each medium are presented m Sections 3 0 (groundwater), 4 0 (subsurface sol), and 5 0 (surface 
sod) 

The mdividual steps shown III Figure 2-1 are identlfied below Each step IS described m more 
detad m Subsections 2 1 through 2 5 

Step 1 - SiteSpeclfic Chemical Analysls Roster 

Table 2-1 IS the Site-Specdc Chermcal Analysis Roster (SSCAR) for the Phase 11 samphg 
program at OU-2 Analyhcal results for all detected compounds m the followmg analyte groups 
are mcluded m the data set for evaluation as potential chemcals of concern for rsk assessment 
metals (target analyte hst and "other metals"), ra&onuchdes, and organics 

2- 1 
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Step 2 - Data Evaluation 

- 
The analytical results from the OU-2 samphg program were reviewed and compded rn a 
database by the vahdation contractor Data vahdation was performed for some but not all of 
the data prior to use The database was then reviewed for its suitabhty for selectmg chemicals 
of concern For example, data qualrfiers were considered and quahty control samples were 
removed from the database 

Step 3 - Background Comparmn (Metals and Ra&onuchdes) 

Analytical results for metals and radonuchdes were compared to background levels derived 
from data for subsurface sods and groundwater reported m the Background Geochemical 
Characternation Report (EG&G 1992) and from background surface sod samples collected m 
the Rock Creek area Metals and ra&onuchdes whose concentrations did not exceed background 
levels were ehmated from further consideration as potentd chemicals of concern The 
followmg cnteria were used to evaluate whether a metal or radionuchde exceeded background 
levels 

a Analytical results for metals and radionuchdes were compared to the 95 percent 
upper tolerance h u t  (95% UTL) of the background data If less than 5 percent 
of the results exceeded the 95% UTL, the constituent was considered to be 
w i t h  background range Analysls of variance (ANOVA) was used to confirm 
thls assessment 

b The OU-2 data for metals and radonuchdes were statistically compared to 
background data usmg analysui of variance (ANOVA) If no s t a t s t d  
dlfference was found, the analyte was considered to be wtlun background range 

C Spatial/temporal evaluation of analytes that appeared to exceed background by 
one or more of the statlstical tests was performed to identlfy analytes that are 
unhkely to be related to waste releases m OU-2 

Step 4 - Elunmate Essentlal Nutrients and Anions 

Constituents such as calcium, potassium, Iron, and carbonate were elmmated from further 
consideration as chemicals of concern due to low tomcity and because they are usually not 
waste- related 
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Step 5 - Detection Frequency 

All detected organic target analytes were separated mto two groups based on detection 
frequency Compounds detected at 5 percent or greater detection frequency were evaluated 
further rn Step 6 Contammants detected below 5 percent frequency were evaluated m Steps 8 
and 9 

Step 6 - Concentration/Tomcity Screen 

A concentration/tomcity screen, usmg maxunum detected concentrations and EPA-estabhshed 
tomcity factors, was performed for all organic chemicals with a detection frequency equal to or 
greater than 5 percent, and for metals and radlonuchdes that exceed background levels The 
concentration/tomcity screen identlfied those compounds that are llkely to contribute to 99 
percent or more of the total rlsk These compounds are identrfied as chemicals of concern for 
evaluation m the quantitative mk assessment 

EPA-estabhshed toncity factors are not avadable for some of the target analytes Therefore, 
these analytes cannot be mduded ~fl the concentration/tomcity screens, in other toxicity-based 
screens, or m the quanhtatwe rsk assessment OU-2 contammants without toncity factors were 
identdied for each medlum (surface and subsurface sod and groundwater) and are hted m each 
section The potentral lmpact of these compounds on overall risk w d  be addressed qualitatrvely 
m the human health rlsk assessment 

Step 7 - Chemicals of Concern 

Organic compounds, metals, and radionuchdes that contribute to 99 percent or more of a total 
ruk factor, based on Step 6, were retamed as chemcals of concern for quanbtative evaluation 
m the human health rHk assessment 

Step 8 - Evaluation of Infrequently Detected Compounds 

The magmum concentration of each organic compound detected at less than 5 percent 
frequency was compared to a screenmg-level concentration equrvalent to 1000 tunes a health 
risk-based concentration (RBC) This step identlfies infrequently detected compounds that 
could contribute significantly to rsk d exposure were to occur 



Step 9 - Spatial and Temporal Evaluation of Infrequently Detected but Potentially Hazardous 
Compounds 

Infrequently detected organic compounds whose maxllllum concentration exceeded 1000 tunes 
the RBC were evaluated for spatial and temporal btribution of the detected values If the 
compounds appeared to be related to waste sources or If spatial and temporal btribution 
mdicated that the constituent IS of potential concern for current or future exposures, these 
chemicals were retamed as "special-case" chemicals of concern 

Step 10 - Special Case Chemicals of Concern 

Compounds whose maxltnum concentration exceeded the screenmg values (Step 8) and wth 
s i g n l n t  spatial and temporal btributions (e g , detected m association with elevated 
concentrations of other chermcals of concern) (Step 9), as well as certam morganic compounds 
with highly loahzed, source-related occurrences of concentrations above background, were 
retamed as "special case" chemcals of concern to be addressed separately m the rsk assessment 

Step 11 - Professional Judgment 

Chemicals or radionuchdes that were ehmated as chemicals of concern by the above criteria 
may be retamed on the basls of professional judgment 

2.1 DATA EVALUATION 

Table 2-2,0U-2 Analytd Data Fde Summary, presents the data files used to select chermcals 
of concern for OU-2 For groundwater, SIX quarters of monitoring data (2nd quarter 1991 
through 3rd quarter 1992) were used, because for these quarters at least 50 percent of the data 
had been vahdated (fewer of the earher data were vabdated) For subsurface sod (borehole), 
data from samples collected above the h ~ g h  water table m 1987 (Phase I mvesbgabon) and m 
1991 and 1992 (Phase II investigation) were used The 1987 Phase I borehole data were not 
vahdated Borehole samples collected below the hgh water table were not used to select 
chemi& of concern m subsurface sods to avoid the potential problem of crossantammation 
from groundwater bmsmg the selection Surface sod data collected m 1991 and 1993 were 
mcluded m the data set 

Some of the chemical analytical results have not been vahdated Unvahdated data received 
from Rocky Flats Envlronmental Data System (RFEDS) were mtegrated with vahdated data 



received from Quantalex Laboratory If unvahdated and vahdated data for the same sample 
were found 111 the database, the unvahdated data were elunmated Data - that had not yet been 
through the vahdation process were used rf no vahdated data were avadable 

Lithologc identlfications for the groundwater monitormg data were determmed, and only wells 
completed m the Upper Hydrostratigraphic Unit (UHSU) were mcluded m the groundwater 
data set The UHSU mcludes the alluwum, colluwum, valley fd, and the uppermost Arapahoe 
Sandstone (No 1 Sandstone) The OU-2 bedrock mvestigation (DOE 1993b) wdl address any 
potential contammation of the Lower HSU (LHSU) Chenucals of concern for assessmg human 
health ruk from on-site groundwater mgestion were selected from analytes detected m the No 
1 Sandstone (uppermost Arapahoe) Thls approach IS based on the fmdmg, presented m the 
OU-2 Water Supply Sunulations document (Appendur C), that the uppermost Arapahoe 
sandstone 1s the only htho1og;lc umt withm the UHSU that could support a domestic water well 
(see Appendrx C) Groundwater data from all units m the UHSU were used for evaluatmg 
migration of contammants m groundwater to potentml exposure pomts 111 Woman Creek and 
Walnut Creek 

The next step m the data evaluation process was to remove quahty control samples, such as 
blanks, spkes, and rmsates, from the database Data qualdiers for chemicals (e g , B, E, D and 
R) were identlfied and the followmg revmons to the database were made 

0 E quahfied data (exceeded cahbrahon range) were replaced with the associated 
D qualdied data (dduted to withm ahbration range) The E quaMer for metal 
analytical results mdicates that the reported value was estunated due to 
mterference These data were used as reported 

0 The B qualrfier assigned to an orgamc compound (volatde, semivolatde, 
pesticide, or polychlormated biphenyl [PCB]) signlfies that the compound was 
found m both the sample and the associated laboratory blank For vahdated 
data, rf the reported sample concentration for a B quaMed compound that IS 

not a common laboratory contammant was greater than five tunes the reported 
concentration m the blank, the analytical result was used as reported If not, the 
result was qualfied with a U by the vahdation contractor and the result reported 
as non-detect at the reported value If the reported sample concentration for a 
B qualified compound that 1s a common laboratory contammant (e g , acetone, 
methylene chloride, 2-butanone, bu(2-ethylhexyl) phthalate) was greater than ten 
tunes the reported concentration m the blank, the analytical result was used as 
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reported If not, the result was quahfied with a U by the vahdation contractor 
and the result reported as non-detect at the reported value 

For non-vahdated data, B qualrfied results have been reported m the database, 
however, there was no connection m the database between non-vahdated B 
quMied results and the associated laboratory blanks or rinsate blanks Because 
the effect of blank contammation on the B qualrfied results could not be 
assessed, the non-vahdated B quMied results were not mcluded m the worlung 
database for selechon of chermcals of concern The removal of these 
unvahdated B qualtfied results from the worhg database does not adversely 
affect the usabhty of the data for selection of chermcals of concern for the 
followmg reasons 

(1) Relatively few results were removed (475 results, or less than 1 percent of 
the total number of analflcal results) 

(2) About 75 percent of the results that were removed were B quNied results 
for the common laboratory contammants acetone, methylene chloride, and 
phthalates, about 20 percent of the non-vahdated B quahfled results were for 
tentatlvely identrfied compounds ("ICs) m surface soil samples, and about 5 
percent of the removed results were for mwellaneous volatde orgamcs m 
groundwater samples that were also detected m laboratory or rmsate blanks 
Therefore, most of the removed results are for compounds that are not Uely to 
be chemicals of concern m rlsk assessment 

(3) In the vahdated data set, most B quahfied results for common laboratory 
contammants were changed to U qualified results (non-detect) during vahdabon 
Therefore, it IS probable that most of the other B qualrfied results for these 
compounds would also have been quahfied as non-detect 

The largest effect of removmg the non-vahdated B quahfied results from the 
database for selectmg chemicals of concern is to change the frequency of 
detection of compounds that are common laboratory contammants by a small 
percentage because the total number of results for each analyte IS reduced by the 
number of non-vahdated B quaied results removed T ~ I S  is not considered to 
adversely affect the identification of site-related chemicals of concern for rlsk 
assessment 



Non-vahdated B quMied analytical results are bemg replaced m the database 
wth vahdated results where possible - 

The B quMier for a metal result signdies that the reported concentration 1s 

greater than the instrument detection h i t  but less than the Contract Requlred 
Quantitation h t  (CRQL) for that analyte These data were used as reported 

0 R qualdied data (not usable accordmg to EPA criteria) were ehmated  R 
quMied results represent a very small fraction of the entlre data set and only 
appear m vahdated data 

Data quahfied wth J or U were used as follows 

0 Analytical results were J quahtied If the compound was positively identified 
below the quantitation h i t  The result was considered an estmate because of 
the uncertamty associated wth detected concentrations at low levels Data 
quMied with a J were used as reported 

0 A U q u u i e r  assigned to an analytical result mdmtes that the analyzed 
chemical was not detected above the sample quantitation h u t  The U q d e r  
was the prunary mechamsm used for evaluatmg detection frequency for the 
organic and morgamc constituents The U quahfkd data were used as non- 
detects for detection frequency determmation, but one-half the reportmg h i t  
was used as the concentration m the statstcal evaluations 

There were numerous mstances where multiple analytical results for a gven sample were 
reported m the RFEDS database Clrcumstances that may have resulted m multiple results 
bemg reported and the action taken durmg remew of the database mclude 

0 Vahdated and non-validated results were reported for the same sample In all 
cases where a vahdated and non-vahdated sample result were reported, the 
result from the vahdated record was retamed m the database 

0 Results from multiple ddutions were reported for the same sample Multiple 
ddutions were typically reported for the analyses for volatde and semwolatde 
organics due to one or more analytes exceedmg the ahbration range for the 
mitral analysu In cases where the result was flagged mth an E quahfier by the 
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laboratory, the action taken was as described above In cases where non-detects 
were reported for an analyte m both the mitial and dduted - samples, the value 
with the lower detection h i t  was retamed In cases where the results were 
reported as detected m both the mitial and dduted samples, the hgher value was 
retamed m the database 

0 Results from both an mitial analysis and a re-analysu or re-extraction were 
reported for the same sample For non-vahdated results, the reason for the re- 
analysu or re-extrachon were not reported (e g ,  ahbration, surrogates, mternal 
standard areas) and it was not possible to detemune If the problem requumg the 
re-analysis was corrected or If the re-analysu was performed withm holdmg 
tunes Therefore, m cases where non-detects were reported for an analyte in 
both the initlal and re-analyzed samples, the value with the lower detection h u t  
was retamed In cases where the results were reported as detected m both the 
mitial and re-analyzed samples, the higher value was retamed m the database 

0 Multqle results for volatdes method 502 2 reported for the same sample, each 
with a DF quMier the higher of the two DF q u u i e d  results were used m the 
data set for evaluatmg chemicals of concern 

For radlonuchdes, negatwe values were considered non-detect, and values less than the 
laboratory reportmg h i t  were used as positive results or non-detects m accordance with 
quahfiers assigned durmg data vahdation 

2.2 BACKGROUND COMPARISON MIR INORGANIC COMPOUNDS 

OU-2 sample results for metals and radionuchdes m sod and groundwater were compared to 
background data to detemune which morganic constituents exceeded background range and, 
therefore, may be related to waste sources m OU-2 (Essential nutrients, such as Iron, 
potassium, calcium, sodium, and magnesium, and anions with low tomcity, such as carbonate, 
bicarbonate, chloride, sulfate, mtrate, fluoride, bromide, shca, ammonium, and orthophosphate, 
were elupmated from consideration as potential chemicals of concern and were not mcluded m 
the background comparwn) Appendlx A describes the detads of the approach used to 
compare OU-2 sample results with background concentrations The results of the stamtical 
comparwn are presented m Tables A-1 through A-16 m Appendlx A 
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2.3 F'REQUENCY OFD-ON 

- 
All detected volatdes, semivolatdes, pesticides, and PCBs, as well as metals and radionuchdes 
that exceeded background range, were evaluated for frequency of detection Compounds 
detected at a frequency of 5 percent or greater were considered potential chemicals of concern 
These compounds were mcluded m concentration/toncity screens to identrfy compounds that 
could contribute signficantly to total rsk (see Section 2 4) Compounds detected at less than 
5 percent frequency (for example, m fewer than 2 of 40 samples or m fewer than 5 of 100 
samples) can be ehmated from further consideration because the compound is not 
characteristic of site contammation and the potenhal for exposure is low Nevertheless, 
concentrations of mfrequently detected organic compounds were further evaluated as described 
m Section 2 5  (and Steps 8, 9, and 10 of Figure 2-1) to identlfy those that could contribute 
sigruficantly to rsk If routme exposure were to occur 

2.4 CONCENTRA"ION/TOXICI"Y SCREEN 

Concentration/toncity screens were performed for each chemical detected at 5 percent 
frequency or greater m each medium of concern (groundwater, subsurface soh, and surface 
soh) The purpose of applying the screen 1s to focus the rsk assessment on the chief 
contributors to potentd rsk To perform the screen, each chemical m a medium (such as 
groundwater) is scored accordmg to its maxllllum concentration and toncity to obtam a ruk 
factor The risk factor for noncarcmogenic effects 1s the concentration dmded by the EPA 
Reference Dose (RfD) for that chemical The ruk factor for carcmogeruc effects (and for 
radionuchdes) IS the concentration (actinty) multqlied by the EPA cancer slope factor for that 
chemical The chemcal-specific rdc factors are summed to calculate total risk factors for the 
noncarcmogenic, carcmogenic, and radioactive chemicals of potential concern m each medurn 
The ratio of the risk factor for each chermcal to the total rsk factor appromates the relative 
risk for each chemical m the medium Separate concentration/toncity screens are performed 
for carcmogenic and noncarcmogeruc effects of organic compounds and metals and for 
carcmogenic effects of radionuchdes 

EPA-recommended toncity factors (RfDs and cancer slope factors) were used m the 
concentration/toncity screens (Step 6, Figure 2-1) and m the calculation of rsk-based 
concentrations (Step 9, Figure 2-1) Slope factors and RfDs were determmed from IRIS (EPA 
1993), HEAST (EPA 1992a mcludmglater supplements) and HEAST (EPA 1991) and are k e d  
m Tables 2-3 and 2-4 Chemicals of potential concern that do not have EPA-estabhshed toncity 
factors cannot be evaluated quantitatively in the concentration/toncity screens or m the ruk 
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assessment 
contribution to risk wdl be evaluated quahtatively m the risk assessment 

These are hsted m each section for each medium However, then potential 

Chemicals with very low risk factor ratios compared to other chemicals m the medium were 
elmmated from further consideration because of thenvery low potential to contribute to overall 
risk In this step of the selection process, all chemicals that comprise appromately 99 percent 
of the total risk factor were considered chermcals of concern for evaluation m the quantitawe 
rsk assessment Thls approach greatly reduces the number of chemicals to be carried through 
a rlsk assessment However, the approach IS conservative (health protective) because it retams 
some chemicals that contribute as httle as 1 percent of the total potential rlsk In most cases, 
only a few chemicals contribute the majority of risk from each mehum 

2.5 EVALUATION OF INFREQUENTLY DETECTED COMPOUNDS 

Chemicals detected infrequently (m less than 5 percent of all samples m the mehum) can 
usually be ehmated from consideration as chemicals of concern because they are not 
characterstic of site contammation and the potential for exposure IS low However, these 
compounds were further screened so as not to neglect an mfrequently detected compound that 
could contribute signrficantly to rlsk d routme exposure were to occur In thls analysls, 
maxunum measured concentrations were compared to screerung levels equwdent to 1000 x 

RBCs Ths analysis, summarized below, IS presented m detad m Appenh B 

For screenmg purposes, RBCs were defined as chemical concentrations associated with an 
excess cancer risk of lob (1 m 1 mdhon) or a hazard mdex for noncarcmogeruc effects of 10, 
assummg residential exposures Any mfrequently detected chemcal measured at a 
concentration greater than 1000 tunes the respective RBC was idenuied as representing a 
potential health threat to exposed receptor populations and was mduded m the ht of OU-2 
"special case" chemicals of concern for evaluation m the rusk assessment 

RBCs were calculated assummg a residential exposure scenario, usmg conservatwe exposure 
assumptions, and usrng standard tomcity values (FUDs and SFs) pubhshed by EPA RBCs for 
chemi- m surface and subsurface sods were calculated assummg multiple pathway exposure 
(mgestion, dermal contact, and mhalation of particulates) RBCs for chemcals m groundwater 
were calculated based on mgestion only, smce thls was assumed to be the chief groundwater 
exposure route The exposure parameters used to calculate RBCs are presented m Appendn B 
They are the same as those presented m the Exposure Scenarios Technical Memorandum No 5 
(DOE 1993a) Tomcity values used to calculate RBCs are hted m Table 2-3 
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TABLE 2-1 

ROCKY n A T S  PLANT OU-2 
SITESPECIFIC CHEMICAL ANALYSIS ROSTER 

PHASE 11 OU-2 SAMPLING PARAMETERS 

Tvget Analyte List 
a 
Alumrnum 
Antmony 
ArsentC 
BiNlllln 
Belylllum 
cadrmum 
calclum 
ChroIIUUm 
cobalt 
Copper 
Iron 
Lead 
MagneslUm 
Manjpnese 
Mercury 
Nickel 
Potassium 
Selemum 
Silver 
SOdlUm 
Thallium 
ValladlUm 
Zinc 

OTHERMETALS 

Molybdenum 
Strontun 
cesium 
Llthlum 
Tlll 

OTHER INORGANICS - Soil 

Nitrate-Nitnte (as N) 
Percent Solids 
cyarude 
Moisture Content 
Orthophosphate 
Bronude 
A m m O l l l U m  
SlIlCa (as si and S102) 

SQ!! 
Dissolved O r p c  Carbon 
Total Orgmc CMon 

OTHERPARAMETERS 
Total PetmlcumHydrombons 

METALS 
Target Andyte List 
Groundwater 
jTotal and Dmlved Metals) 
A l m m u m  
Antunony 
h l l l C  
Barium 
Berylhum 
cadrmum 
calclum 
ChroIIUUlll 
cobalt 
Copper 
Iron 
Lc%d 
Magnesium 
Manganese 
Mercury 
Nickel 
Potasslum 
Selenrum 
Silver 
sodlm 
ThalllUm 
VUUilUm 
zlnc 

FIELDPARAMETERS 
Grouadwster 
PH 
Speafic Conductance 
Temperature 
Dissolved Oxygen 

INDICATORS 

D~ssol Total O r r  Orgamccarbon 

Groudwatct. 

PH 

ANIONS 

Biciubuate 
Chlonde 
Sulfate 
Nitrate (as N) 

Flwnde 
Bronude 
Sllica (as Si and Si02) 
AmmoIllum 
Orthophosphate 

Qmde 

OTHERPARAMETERS 
Total Petroleum Hydmarbons 
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Target Compound List 
Soil and Groundwater 
Chloromethane 
Bromomethane 
Vinyl Chlonde 
Chloroethane 
Methylene Chlonde 
Acetone 
Carbon Disulfide 
1, I-Dichloroethene 
1,l-Dichloroethane 
Total l,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1,1,1 -Tnchloroethane 
Carbon Tetrachlonde 
Vmyl Acetate 
Bromdchloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloroprope 
Trans- 1,3-Dichloropropene 
Tnchloroethene 
Dibromochloromethane 
I, 1,2-Tnchloroethane 
Benzene 
cis- 1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

TABLE 2-1 
(Contmued) 

ORGANICS* PESTICIDES/PCBs 
Target Compound Lst 
soil and G roundwater 
alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldnn 
Heptchlor Epoxide 
Endosulfan I 
Dieldnn 
4,4'-DDE 
Endnn 
Endosulfan I1 

Endosulfan Sulfate 

Endnn Ketone 
Methoxychlor 
alpha-chlordane 
gamma-Chlordane 

Aroclor- 10 16 
Aroclor-1221 
Aroclor- 1232 
Aroclor- 1242 
Aroclor-1248 
Aroclor-1254 
Aroclor- 1260 

4,4'-DDD 

4,4'-DDT 

roqhene 

SURFACE SOIL PARAMETERS 
rotal Organ~c Carbon 
Carbonate 
PH 
Specific Conductance 

Amencium-24 1 
Plutont~m-239 and 240 

TOTAL RADIONUCLIDES 
Sal 
Gross Alpha 
Gross Beta 

Amenaum-24 1 

rnuum 
Stront1um-89,90 

Urar~~m-233,234,235, and 238 

Plutont~m-23 9 and 240 

him- 137 
W ~ m - 2 2 6 , 2 2 8  

DISSOLVED RADIONUCLIDES 
@roundwater 
Gross Alpha 
Gross Beta 

rnuum 
Stronuum-89,90 

U1~1~~m-233,234,235, and 238 

Cesium- 137 
Rad~~m-226 and 228 
rnuum 

TOTAL RADIONUCLIDES 
@roundwater 

Americium-24 1 
rnuum 

PlUtONUm-239 and 240 
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TABLE 2-1 
(Concluded) 

Target Compound List 
Soil and Groundwater 
Phenol 
bis(2-Chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobemne 
Benzyl Alcohol 
1,2-Dichlorobemne 
2-Methylphenol 
bis(2-Chloroisopropy1)cther 
4-Methylphenol 
N-Nitroso-Dipropylanune 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Drmethylphenol 
Benzoic Acid 
bis(2Shloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Tnchlorobenzene 
Naphthalene 
4-Chloroaruline 

HexachlorobuWene 
4-Chloro-3-methylphenol@arachloro- 
2-Methylnapthalene 
Hexachlorocylopenkxbene 
2,4,6-Tnchlorophenol 
2,4,5-Tnchlorophenol 
2Shloronaphthalene 

Dimethylphthalate 
Acenaphthlene 
3-Nitroa~line 
Acenaphthcne 
2,4-D11utrophenol 
4-Nitrophenol 
Dibenzofiuan 
2,4-D11utrotoluene 
2,6-Din1trotoluene 
Diethylphthalate 
4-Chlorophenyl Phenyl Ether 
Fluorene 
4-NitroanIlme 
4 6-Din1tro-2-methylphenol 

2-NitroanIli1~ 

N-mtrodphcnylamme 
4-Bromophenyl Phenyl Ether 
Hexachbrobewne 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
-ne 
Butyl Benzylphthalate 
3,3'-DichlorobenuQne 
Bcnzo(a)anthracene 
bu(2-cthylhexyl)phthalate 
Chxysene 
Di-n-octyl Phthalate 
Bcnzoofluoran~ne 
Benzoofluoranthene 
~nzo(alpynne 
Indene( 1,2,3d)pyrene 
Dibenz(a, h)anthracene 
Benzo(&h,i)perylene 
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TABLE 2-3 
ROCKY F'LATS OU-2 - 

TOXICITY FACTORS FOR 
ORGANIC COMPOUNDS AND METALS 

- 
5 & 

oral Slope Inhalauon Slope EPA Cancer 

Analyte 
1,l7l,2-tetrachloroethane 
1 , 1,l -tnchloroethane 
1,1,2,2-tetrachloroethane 
1,1,2-tnchloroethane 
1,l dchloroethane 
1,l dchloroethene 
1,2,3-tnc~oropropane 
1,2,4-tnchlorobenzene 
1,2d1bromo-3chloropropane 
1,2&bromoethane 
1,2dchlorobenzene 
1,2dchloroethane 
1,2dIchloroethene 
1,2&chloropropane 
1,2-dlmethylbenzene (0-xylene) 
1,3d1methylbenzene (m-xylene) 
1,4d1chlorobe~ne 
2-butanone 

4-methyl-2-pentanone 
acenapthene 
acetone 
anthracene 
anttmony 
Aroclor-1254 

banum 
benzene 
benzo(a)anthracene 
benzo(a)pYrene 
benzoofluoranthene 
benzo(k) fluoranthene 
benzoic acid 
beryllium 
bis(2ethylhexyl)phthalate 
bromodxhloromethane 
bromoform 
butyl benzylphthalate 
cadrmum (food) 

4,4'-DDT 

arSeNC 

Factor 
1 /(mgflrg/day; 
26E-02 (1) 

2 OE-01 (1) 
- 

5 7E-02 (1) 

6 Owl (1) 
- 

1 4 E W  (2) 
8 5E+O1 (1) 

9 1E-02 (1) 
- 
- 
- 
- 
- 

2 40E-02 (2) 

3 40E-01(1) 
- 
- 
- 
- 
- 

7 7OE+OO (1) 
1 75Ei-00 (1) 

2 90E-02 (1) 
5 80E-01(4) 
5 8 0 E W  (4) 
5 80E-01(4) 
5 80E-01(4) 

- 

- 
1 40E-02 (1) 
6 20E-02 (1) 
7 90E-03 (1) 

- 

oralm 
(mglkgl day) 
3 OOE-02 (1) 
9 OOE-02 (2) 

4 OOE-03 (1) 
1 OOE-Ol(3) 
9 OOE-03 (1) 
6 OOE-03 (1) 
1 OOE-02 (1) 

- 

- 
- 

9 OOE-02 (1) 

9 OOE-03 (2) 

2 OOE+O (1) 
2 OOE+O (1) 

6 OE-01 (1) 
5 OOE-04 (1) 
5 OOE-02 (2) 
6 OOE-02 (1) 
1 OOE-01 (1) 
3 OOE-01 (1) 
4 OOE-04 (1) 

3 OOE-04 (1) 
7 OOE-02 (1) 

- 
- 

- 

- 

- 
- 
- 
- 

4 OOE+OO (1) 

2 OOE-02 (1) 
2 OOE-02 (1) 
2 OOE-02 (1) 
2 OOE-01 (1) 
1 OE-03 (1) 

5E-1 (2) 

Factor 
l/(mg/lcg/day) 
2 60E-02 (1) 

2 OOE-01(1) 
5 70E-02 (1) 

175E-01(1) 

- 

- 
- 
- 

2 40E-03 (2) 
7 60E-01(2) 

9 10E-02 (1) 
- 
- 
- 
- 
- 
- 
- 

3 40E-01(1) - 
- 
- 
- 
- 

150E+01(1) 

2 90E-02 (2) 

6 lOE+OO (2) 

- 
- 
- 
- 
- 

8 4E-10 (1) - 
- 

3 90E-03 (2) 

6 30E+OO (1) 
- 

Inhalabon RfD 
(m@kg/&Y) 

3 OOE-01(2) 
- 
- 
- 

1 40E-01(2) - 
- 

3 OOE-03 (2) 
5 OOE-05 (1) 

4 OOE-02 (2) 
- 
- 
- 

1 OOE-03 (1) - 
- 

2 OOE-l(2) 
3 OE-01 (1) 

2 OOE-02 (2) 
- 
- 
- 
- 
- 
- 
- 

140E-04 (2) 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Werght 
Evldence 

C 

C 
C 
C 
C 

- 

- - 
B2 
B2 

B2 
- 
- - - 
- 
C 

B2 
- 
- 
- 
I - 
- 

B2 
A 

A 
B2 
B2 
B2 
B2 

B2 
B2 
B2 
B2 

B1 

I 

- 

- 
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TABLE 2-3 
ROCKY FLATS OU-2 - 

TOXICITY FACTORS FOR 
ORGANIC COMPOUNDS AND METALS 

- 

EPA Cancer oral Slope Inhalauon Slope 

Analyte 
cadrmum (water) 
carbon tetrachlonde 
chlorobenzene 
chloroethane 
chloroform 
chloromethane 
chromlum 111 
chrysene 
as-1,2-dlchloroethene 
cis- 1,3 -dlchloropropene* 
cumene 
cyamde 
dl-n-butylphthalate 
&-n-octylphthalate 
mbromomethane 
mchloduoromethane 
methyl phthalate 
ethylbemne 
fluoranthene 
fluorene 
heptachlor epoxlde 
hexachlorobutadrene 
hexachloroethane 
inden( 1,2,3d)pyrene 
manganese 
mercury 
methylene chlonde 
molybdenum 
N-mtrosx%phenylane 
naphthalene 
mckel 
mhlorotoluene 
p-xylene 
pentachlorophenol 
pyrene 
selemum 
silver 
stronuum 
styrene 
tetrachloroethene 
thallium 

Factor 

- 
130E-01(1) - 

- 
6 10E-03 (1) 
1 30E-02 (2) 

5 80E-02 (4) 
- 
- 
- 
- 
- 
- - - 
- 
- 
- 
- 
- 

9 lOE+OO (1) 
7 80E-02 (1) 
1 40E-02 (1) 
5 80E-01(4) - 

- 
7 50E-03 (1) 

4 90E-03 (1) 
- 
- 
- 
- 

120E-01(1) - 
- 
- 

5 10E-02 (3) - 

OralRfD 
(mgflrg/day) 
5 OOE-04 (1) 
7 OOE-04 (1) 
2 OOE-02 (1) 

1 OOE-02 (1) 

1 OOE+OO (1) 

- 
- 
- 

1 OOE-02 (2) 
3 OOE-04 (1) 
4 OOE-02 (1) 
2 OOE-02 (1) 
1 OOE+Ol (1) 
2 OOE-02 (2) 
1 OOE-02 (3) 
2 OOE-01 (1) 
8 OOE-01 (1) 
1 OOE-01 (1) 
4 OOE-02 (1) 
4 OOE-02 (1) 
1 30E-05 (1) 

1 OOE-03 (1) 

1 OOE-01 (3) 
3 OOE-04 (2) 
6 OOE-02 (1) 
5 OOE-03 (1) 

4 OOE-02 (2) 
2 OOE-2 (2) 
2 OOE-02 (1) 
2 OOE+OO (1) 
3 WE42 (1) 
3 OOE-02 (1) 
5 OOE-3 (2) 
5 OOE-03 (1) 

2 WE41 (1) 
1 OOE-02 (1) 
7 OOE-05 (2) 

- 
- 

- 

8 8E-1 (2) 

Factor 
l/(mgikg/day) 
6 30E+OO (1) 
5 25E-02 (1) - 

- 
8 OOE-02 (1) 
6 30E-03 (2) - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

9 lOE+OO (1) 
7 80E-02 (2) 
1 40E-02 (1) - 

- 
- 

1 60E-03 (1) - 
- 

- 
- 
- 
- 
- 
- 

1 80E-03 (3) - 

Inhalauon RfD 
(mgikglday) - 

- 
5 OOE-03 (3) 
3 OOE+OO (1) - 

- 
- 
- 
- 

5 OOE-03 (1) 
3 OOE-03 (2) - 

- 
- 
- 

5 OOE-02 (3) 

3 OOE-Ol(1) 
- 
- 
- - 
- 
- 

1 10E-04 (1) 
9 OE-05 (2) 
9 OE-01 (2) - 

- 
- 
- 
- 
- 
- 
- 

3 OOE-0 1 (1) - 
- 

- i **  
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tln 
toluene 
trans-l,2dIchlomethene 
tnchloroethene 
m y 1  chlonde 
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- 
1 10E-02 (3) 
1 90Ei-O (1) 

TABLE 2-3 
ROCKY FLATS OU-2 - 

TOXICITY FACTORS FOR 
ORGANIC COMPOUNDS AND METALS 

- 
- 

5 95E-03 (3) 
3 OOE-01 (1) - 

~ 

oral Slope Inhalauon Slope EPA Cancer 

. 1 lOE-Ol(1) - - 
- B2 
- A - - I ZlllC I - 

Oral RtD 
(mgflrg/ day) 
6 OOE-02 (2) 
2 OOE-01 (1) 
2 OOE-02 (1) - 

- 
2 OOE-01(2) 

sources 
1 = m s  
2 = HEAST 1992 (includmg supplements) 
3 = HEAST 1991 
4 = EPA Regon N Gudance, Febnrary 1992 
* Values are for 1,3dIchloropropene No data for mdmdual isomer 
A = Human carcinogen 
B 1 = Probable human carcinogen @mkd human data) 
B2 = Probable human carcinogen (mmal data only) 
C = Possible human carctnogen 
- = Not classWle or not carcinogexuc 
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TABLE 2-4 

TOXICITY FACTORS 
FOR RADIONUCLIDES 

ROCKY FLATS PLANT OU-2 

External Slope EPA Cancer 
Oral Slope Factor Inhalabon Slope Factor Factor Weight of 

Analyte (RlMpcl) (RlMpcl) (Rim /pcl/g) Emdence 
Amenaum 241 2 4E-10 3 2E-08 4 9E -09 A 
Cesium 134 4 1E-11 2 8E-11 5 2E-06 A 
Cmum 137 2 8E-11 1 9E-11 0 OE+OO A 
Plutomum 238 2 2E-10 3 9E-08 2 8E-11 A 
Plutomum 238 2 3E-10 3 8E-08 1 7E-11 A 
PlUtONUm 240 2 3E-10 3 8E-08 2 7E-11 A 
mum 226 12E-10 3 OE-09 12E-08 A 
mum 228 1 OE-10 6 6E-10 0 OEW A 
Strontmn 89 3 OE-12 2 9E-12 4 7E-10 A 
Strontmn 90 3 3E-11 5 6E-11 0 OE+OO A 
Tnbum 5 4E-14 7 8E-14 0 OE+OO A 
Umum 233,234 * 16E-11 2 6E-08 3 OE-11 A 
Umum 235 16E-11 2 5E-08 2 4E-07 A 
Umum 238 16E-11 2 40E-08 2 1OE-11 A 

Source HEAST 1992 

A = Class A (human) carcinogen 

* = Slope factors shown are for U-234 
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3.0 
GROUNDWATER CHEMICALS OF CONCERN 

3.1 DATA EVALUATION 

Chemicals of concern m groundwater were selected usmg the data sets identlfied m Table 2-2 
Samples collected m the 2nd through 4th quarter 1991 and the 1st through 3rd quarter 1992 
were used to evaluate volatde orgamc compounds, pesticides, PCBs, metals, and radonuchdes 
Samples collected m the 4th quarter 1992 and the 1st and 2nd quarters 1992 were used to 
evaluate semvolatde orgatllc compounds (sermvolatde data were not avallable prior to 4th 
quarter 1991, no 3rd quarter 1992 data were received for semivolatdes) Monitormg well 
locations are shown m Figure 3-1 

The data received from RFEDs were rmewed and edlted usmg the steps and criterm outlured 
m Section 2 1 to develop a data set of envrronmental samples for further evaluahon 
Groundwater data were then divided mto two sets for selechon of chemicals of concern (1) 
analytical results from wells screened m the No 1 Sandstone and (2) analmcal results from all 
UHSU wells (1 e ,  wells m the No 1 Sandstone, alluvium, colluvium, and valley fdl) The No 
1 Sandstone could support a drvllung water well, under a hypothetlcal future residentlal 
development scenario, future residents could be exposed to OU-2 contammants through 
mgestlon of water from the No 1 Sandstone Therefore, analpcal results from the No 1 
Sandstone are used to select chemcals of concern for an on-site residentd groundwater 
mgestion Scenario to be evaluated rn the ruk assessment 

The alluvium, colluvlum, and valley fd are relatively thm and hntmuous,  and occur on slopes 
(colluvium), these units have low yields and are only intermittently saturated (see Appends C) 
These umts cannot provide dtvrking water and were therefore not mcluded as exposure medm 
for on-site residential groundwater mgestion exposures However, analytml results from 
samples collected from monitormg wells m the alluvium, colluvlum, valley fill, and No 1 
Sandstone were used to evaluate contamant rmgrabon through groundwater to surface water 
m Woman Creek and Walnut Creek These umts are referred to collectively as the UHSU 

A note on methvlen e chloride, Methylene chloride was detected rn about 26 percent of the 
groundwater samples m concentrations rangng from 0 2  lg/L to 3900 pg/L Review of 
analytical results for methylene chloride m groundwater suggests that methylene chloride IS not 
an envuonmental contammant at the hgh concentrations reported for some samples 



Methylene chloride 1s a common laboratory contamant, as is acetone and bs(2- 
ethylhexy1)phthalate The methylene chloride results are gwen special - attenhon smce the 
compound IS relatively tonc and could be identlfied as a chemical of concern d mcluded m a 
concentrationltomcity screen If the identlfication were maccurate (1 e ,  d the methylene 
chloride probably results from laboratory procedures rather than waste sources), thls could 
result m onuttmg other compounds from the rsk assessment that are actual envuonmental 
contamants 

The highest results for methylene chloride were reported from 1991 wells sampled m the 4th 
quarter 1991 and 1st quarter of 1992 These samples were analyzed by the volatdes method 
5022, but the data were not vahdated because of the absence of an estabhshed vahdation 
process Concentrations m these samples ranged from appromately 4 to 3900 pg/L In 
subsequent samphg rounds m these wells, methylene chloride was either non-detect or, m a 
few cases, detected at much lower concentrations For example, m samples from well 7391 
methylene chloride was reported at 3900 pg/L m 1st quarter 1992 and at 8 p g / L  m 2nd quarter 
1992 (both analyzed by method 502 2) In samples from well 11691, it was reported at 3000 
pg/L m 1st quarter 1992 but was non-detect m the 3rd quarter 1992 (detection limit = 0 2  
pg/L) In two samples from well 12691 collected m 1st quarter 1992, methylene chloride was 
reported at a concentration of 140 pg/L m one sample and was non-detect m the other 
(detection h i t  = 0 01 pg/L) T ~ I S  pattern IS consstent for most of the wells sampled and 
analyzed by this method 

Because methylene chloride was usually not detected m subsequent samphg rounds where a 
previous high concentration was reported, methylene chloride 1s not considered a groundwater 
contamant m these wells There IS no evidence of a plume of methylene chloride 
contammation, because other positive results are not spatially related. In order to address the 
possibhty that methylene chloride is a local contammant m some source areas, methylene 
chloride is mcluded m concentrationltomcity screens to identlfy chenucals of concern usmg the 
maxunum concentration reported m a well where methylene chloride was detected m more than 
one samphg round (excludmg the reported value of 3900 pg/L m well 7391) This 
concentration is 38 pg/L detected m well 3687 m the 1st quarter 1992 Methylene chloride was 
reported m subsequent samples from tius well at concentrations of 5 and 11 pg/L 

3.2 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS 

The comparISon of OU-2 data for metals and radionuchdes detected m groundwater to 
background data IS presented m Appendlx A The results are summarued m Tables 3-1 

. , . 
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through 3-4 Tables 3-1 and 3-2 show the results for total (unfiltered) metals and rahonucltdes 
m the No 1 Sandstone Tables 3-3 and 3-4 show the results for dmolved (filtered fraction) 
metals and radionuchdes m the UHSU Total morganics m the No 1 Sandstone were evaluated 
as chemrcals of concern for rlsk associated with on-site groundwater mgestion, and dlssolved 
morganics were evaluated m the UHSU for migration of contammants m groundwater Metals 
and radionuchdes that exceeded background and that were identdied as potenhal OU-2 
contammants based on data evaluahon were mcluded m concentrationltoncity screens to select 
chemicals of concern for use m rlsk assessment 

Metals and radionuchdes were ehmated from further consideration (1 e ,  were considered to 
be withm background range) rf less than 5 percent of the OU-2 data exceeded the 95% UTL 
of background and If the ANOVA analysis showed no significant ddference from background 
(p e 0 05) Metals and radlonuchdes that appear to exceed background by one or both of the 
tests were retamed for mclusion m a concentration/tmaty screen, or for further evaluation of 
the spahal and temporal dlstribution of elevated concentrahons to idenw potentd OU-2 
contammants Thls was done m order to elunrnate analytes from further consideration that are 
not actual site contamants It 1 mportant that rlsk assessment and the selection of remedies 
be focussed on actual site contammants that could threaten publtc health or the envuonrnent 
rather than on naturally occurrmg elements or trace contamants that may be detected 
mfrequently at elevated concentrations but are not characterlstic of site contamation 

3.2.1 No. 1 Sandstone 

Table 3-1 shows the results of the background comparmn for total metals m No 1 Sandstone 
On the basis of both statlstical tests, the followmg metals were concluded not to exceed 
background levels antunony, beryhum, cadmium, cesium, chromium, cobalt, copper, lithum, 
molybdenum, mckel, selemum, sdver, thalltum, tm, and vanadium Metals m the No 1 
Sandstone with widespread elevated concentrations that are potentially related to contamant 
plumes m OU-2 are barium and manganese, based on results of both total and filtered samples 
(see Appenb D) These metals are widely dxitnbuted and conslstently found at elevated 
concentrations at known source areas The presence of these metals m elevated concentrations 
m dlssolved phase may be due to leachmg of name mater& from sod rather than from metal- 
bearmg wastes On the basis of spatial, temporal, and other data evaluation, the followmg 
morganic compounds are not considered site-related contammants m the No 1 Sandstone 

3-3 
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alummum, arsemc, cyanide, lead, mercury, strontium, and zmc The reasons are discussed 
below 

Metals Ehmated as Contammants 
on the Basrs of Spatial/Temporal Evaluation 

No 1 Sandstone 

NU- Elevated concentrations of total alummum (up to 128,000 pg/L) were detected m 
numerous samples from wells screened m the No 1 Sandstone Alummum IS a ubiqutous and 
naturally occurrmg element m sods and water Many of these samples also contamed elevated 
concentrations of lron and other rock-formmg elements The elevated alummum concentrations 
are probably associated with the physical charactermtics of the samples (e g , suspended sohds) 
rather than to chemical releases m OU-2 because the dissolved-phase concentrations (see 
Appends D) were below background range Smce there IS no evidence of a dlssolved-phase 
plume, alummum IS not considered a contammant m the No 1 Sandstone groundwater 

Arsenic Total (unfiltered) arsenic was detected m 77 percent of the No 1 Sandstone 
groundwater samples Arsemc 1s a common, naturally occurrmg constituent m sods and 
groundwater Arsemc was detected m concentrations above the background UTL of 7 pg/L 
m only 5 of 79 samples from the No 1 Sandstone (The background maxunum IS also 7 pg/L) 
Concentrations above the background UTL ranged from 8 to 11 4 pg/L, these are not greatly 
above background levels The m m u m  concentration of 11 4 pg/L was observed m a sample 
from well 12191, which IS located m the NE Trenches Area near Trench T-3 (IHSS 110) 
Arsenic was also detected above the background UTL m two other samples from wells that are 
m the NE Trenches Area but are not associated with trenches wells 3691 (8 3 pg/L) and well 

3791 (8 pg/L) However, concentrabons above background UTL m these wells were observed 
m only one of SIX samphg rounds and are, therefore, temporally lsolated Furthermore, arsemc 
was not detected above background m well 3391, which IS located downgradlent of well 12191 
and upgradient of wells 3691 and 3791 The other detection of arsenic above the background 
UTL was at well 10991 (9 4 pg/L) T ~ I S  well is located m the East Spray Fields "hIS IS the 
only No 1 Sandstone well m the area Alluvial wells m the area did not contam elevated 
concentrations of arsenic (with the exception of a temporally isolated observation of 9 pg/L m 
well 5191) Based on the spatial and temporal dutribuhon and mfrequency of observabons 
above the background UTL, arsemc IS not considered a contammant m No 1 Sandstone 
groundwater 
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Qanide Cyamde concentrations exceeded the background UTL of 6 pg/l (background 
m m u m  = 8 5 pg/L) m three unrelated locations well 1491 (8 5 pg/L), - well 3687 (12 5 pg/L), 
and well 13191 (20 7 pg/L) The rare and scattered Occurrences of concentrations somewhat 
above background range mdcate that elevated cyanide is not charactenstic of groundwater m 
the No 1 Sandstone and that it is not a chemical of concern for OU-2 

Lead Elevated concentrations of total lead (up to 171 pg/L) were detected m samples from 
several wells screened m the No 1 Sandstone m the NE Trenches Area, 111 the Mound Area, 
and west of the 903 Pad However, most of these samples also contamed elevated 
concentrations of total Iron, alummum, and hthium, which are rock-forrmng elements Dusolved 
concentrations of these elements were not elevated above background levels (see Appendur D), 
and there 1s no evidence of a dmolved-phase plume For example, at two wells with elevated 
total lead concentrations (well 11891 at 171 pg/L and m well 3691 at 86 pg/L), dmolved lead 
was non-detect at a repbrtmg h i t  of 3 pg/L In addtion, lead 1s withm background levels m 
sods (see Tables 4-1 and 5-1) The elevated total lead concentrations m the groundwater 
samples are hkely to be naturally Occurrmg and related to suspended sohds m the water samples 
rather than to leachmg resultmg from OU-2 contammation because there 1s no evidence of a 
dlssolved-phase plume or of elevated lead m sods 

Mercury Mercury was detected m 15 percent of the samples analyzed (maxlmumk 
concentration = 0 8 pg/L) The m m u m  concentration was detected m well 5691 rn the NE 
Trench Area The background UTL 1s 0 2  pg/L Mercury was also detected m three wells 
(2387, 1791, and 1491) m the Mound Area, m concentrations rangmg from 0 27 to 0 62 pg/L, 
these wells are screened m the No 1 Sandstone However, the upper palred wells were non- 
detect for mercury at a reportmg h u t  of 0 2 pg/L Dissolved-phase mercury was not elevated 
above background levels, and there IS no evidence of a contaminant plume Mercury IS not 
considered a contammant m groundwater because (1) the elevated concentrations are low (0 25 
to 0 8  pg/L), (2) dissolved-phase concentrations are withm background levels, (3) elevated 
concentrations occur m some wells screened at the base of the No 1 Sandstone but not m 
pawed wells screened near the top of the sandstone, and (4) only one well (11691 m the NE 
Trench Area) had mercury detected m more than one samphg event 

Strontium Concentrations for total strontium were somewhat elevated m 6 percent of the 
samples collected from wells screened m the No 1 Sandstone Elevated concentrations ranged 
from 1010 pg/L to 1370 pg/L (background UTL = 921 pg/L) Strontium was detected at 
somewhat elevated concentrations m some wells potentially related to source areas These latter 
wells mclude well 1491 at the 903 Pad (1040 pg/L) and well 291 near the mner East Gate (1070 
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pg/L) Comparable concentrations also occur m wells that are unrelated to source areas (such 
as wells 286 and 41591, both at Indiana Avenue) The fidtered fraction was also elevated m 
most samples where total strontium was elevated Because strontium is found rn wells unrelated 
to source areas at concentrations comparable to those found near source areas, maxmum 
concentrations are only somewhat above background, and there IS no evidence of a total or 
dmolved-phase plume, strontium IS not considered a contammant m No 1 Sandstone 
groundwater 

zmc Zmc was detected m 98 percent of the groundwater samples collected It IS a ubiquitous 
and naturally occurrmg element m sods and water The maxunum concentration of zmc 
observed was 839 pg/L, whch IS below the background UTL of 1023 pg/L Furthermore, the 
mean concentration of total zmc m the No 1 Sandstone (133 pg/L) is not very dlfferent than 
the mean concentration of background (127 pg/L) Therefore, zmc is not considered a 
contammant m No 1 Sandstone groundwater 

Radionucli & 

Table 3-2 summarnes the background comparmn for total radionuchdes m the No 1 
Sandstone Radionuchdes considered to be OU-2 contamants m the No 1 Sandstone based 
on the statistical comparmn to background data are americium-241 and plutonium-239/240 

Cesium-137 is also retamed as a potenhal chemical of concern m No 1 Sandstone groundwater 
Cesium-137 was detected at concentrations above the background UTL of 0 83 pCi/L m 7 of 
49 (14 percent) No 1 Sandstone unfiltered groundwater samples analyzed for thu radionuchde 
The m m u m  concentratlon was 1 66 pCi/L, detected m well 12191 at Trench T-3 0-137 was 
also detected above background UTL m well 12491 (0 88 and 1 24 pCi/L), well 3791 (1 07 
pCi/L), well 12091 (1 15 pCi/L), well 2091 (0 96 pCi/L), and well 3791 (1 07 pCi/L) 
Concentrations above background UTL occurred only once m three to five samphg events, 
except m well 12191, where two of five samples had concentrations above the background UTL 
Wells upgradient of 12491 did not contam elevated concentrations of Cs-137 Although it IS 

probable that some or most sample results represent naturally occurrmg Cs-137, t h  
radionuchde is retamed as a possible contarmnant m No 1 Sandstone groundwater because of 
the percentage of results that exceeded the background UTL 

Total (unfiltered) concentrations of radium-226, strontium-89,90, and the uranium lsotopes do 
not exceed background levels m the No 1 Sandstone usmg both statistical tests, and these are 
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not considered groundwater contammants Total (as opposed to dissolved) isotopes were only 
analyzed for m four groundwater samples collected m the Mound Area - 

3.2.2 UHSU 

Table 3-3 shows the results of the background comparmn for dissolved metals m the UHSU, 
mcludmg the No 1 Sandstone Dmolved-phase constituents are assessed m the UHSU rather 
than total metals because dissolved-phase contammants may be transported m groundwater to 
exposure pomts m Woman or Walnut Creeks 

Metals 

On the bass of the stahstical tests, the following metals were concluded not to exceed 
background levels alummum, arsemc, berylhum, cadmium, cesium, cobalt, copper, lead, hthum, 
mercury, molybdenum, selemum, sdver, thahum, tm, and vanadium On the bas1s of spatd and 
temporal evaluation, the followmg metals are not considered sitarelated contamants m the 
UHSU antunony, chromium, mckel, strontium, and zmc The reasons are discussed below 
Other metals m UHSU groundwater with widespread elevated concentrations that are 
potentially related to contammant plumes m OU-2 are banum and manganese 

Metals Ehmated as Contamants 
on the Bass of Spahal/Temporal Evaluation 

UHSU 

htunony Antmony concentrahons are evenly drstnbuted and unrelated to source areas 
Detected concentrahons range from 8 to 88 pg/L, the maKunum value was detected at well 286 
at Indiana Street Other detected values were below the 95% UTL of background (46 pg/L) 
and appear to have no relahonshp to source areas 

Chromium Only sa percent of the results exceeded the background UTL of 14 pg/L and 
chrormum did not exceed background by the ANOVA test The OU-2 maxunum detected value 
of 23 pg/L 1s eqwalent to the background m m u m  (also 23 pg/L), and the background mean 
(6 pg/L) exceeds the OU-2 mean (5 pg/L) Five samples with elemted concentrations (15 to 
23 pg/L) were from wells m the NE Trenches Area (wells 2587,3686,3687,4286) However, 
upgradient wells do not &bit elevated concentrations of chromium, and only well 3687 had 
more than one samphg event with a concentration that exceeded the background UTL 
Therefore, chromium 1s not retamed as a potential chemical of concern m the UHSU 



I '  
Nickel Eight sample results (6 percent) exceeded the background UTL of 25 pg/L Elevated 
concentrations of nickel were detected m four samples from well 2987 (239 to 1210 pg/L), one 
sample each from well 3686 (287 pg/L) and well 6586 (65 pg/L), and m two samples from well 
286 at Indlana Street (46 and 50 pg/L) The elevated concentrations do not appear to be 
associated with source areas m OU-2 or with a contammant plume Other detected values 
ranged from 2 to 25 pg/L, which are equal to or below the background UTL of 25 pg/L 
Because elevated concentrations occurred m only three wells w i t h  OU-2 (not countmg well 
286 at Indiana Street), all of which are screened m the colluvium or valley fill and because 
elevated concentrations do not appear to be associated with source areas, nickel IS not 
considered a contammant m the UHSU 

Strontium Only 2 percent of the strontium results exceeded the background UTL of 2148 
pg/L (background maxunum = 8730 pg/L) The hghest concentrations of strontium were 
detected m samples collected from wells 286 and 41591 at Indlana Street (2000 to 2290 fig/L), 
m well 7391 near a source trench (about 3000 pg/L m two samples), and m well 3686 (2020 
pg/L), which IS screened m the valley fii m Walnut Creek Stronbum IS otherwlse evenly 
dstributed throughout OU-2 m concentrations of less than 1000 pg/L Because strontium was 
detected m comparable concentrations m wells near source areas and at Iocations b t a n t  from 
source areas, it IS not considered an OU-2 contammant 

Zmc Zmc was detected above the background UTL concentration of 51 pg/L m only 3 of 
nearly 200 samples, and m c  does not exceed background by the UTL comparuon The 
mammum concentration of 759 pg/L was observed m well 05691 T ~ I S  extreme concentration 
appears to have biased the ANOVA Other elevated concentrations were 56 fig/L m well 2387 
and 157 g/L m well 12987, these concentrations are near or below the background m m u m  
of 137 pg/L Concentrauons exceedmg the UTL were observed only once ~II several samphg 
rounds and do not appear to be related to known source areas Zmc IS not considered a 
contammant m groundwater m OU-2 

Table 3-4 summaras the background comparfion for dissolved radionuchdes m the UHSU 
For a number of the analytes, few background data were avadable for comparison Americium- 
241, plutonium-239,240, tritium, and uranium-238 are considered potenual contammants m 
UHSU groundwater Accordmg to the results of the statsual tests, uranium-238 &d not 
exceed background levels Nevertheless, t b  radionuchde IS considered a potentd contammant 
for the followmg reasons The background UTL is 37 pCi/L, and the background maxunum IS 
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136 pCi/L However, all but three background concentrations were below 16 pCi/L 
Background results hgher than 16 pCi/L were all measured m well 205589 (100 to 136 pCi/L) 
Uranium-238 was detected m OU-2 samples m concentrations r a n p g  from 0 17 pCi/L to 76 
pCi/L None of the OU-2 results exceeded the background m m u m  of 136 pCi/L, but two 
results exceeded the background UTL of 37 pCi/L Several groundwater samphg locations m 
the 903 Pad area (wells 687,7391, and 8891) and well 2091 m the Mound Area had uranium-238 
concentrations rangmg from 18 to 75 pCi/L m more than one samphg round These 
concentrations exceed all background results except the background sample results from well 
205589 Because of the location of elevated concentrations m known source areas 111 OU-2, 
uranium-238 IS considered as a potential contammant m UHSU groundwater 

Other radonuchdes were e h a t e d  from further considerahon for the reasons discussed below 

Radronuchdes Elmmated as Contammants 
on the Basu of Spatml/Temporal or Other Data Evaluahon 

UHSU 

Cesium-137 Cesium-137 was detected m only 2 of 11 samples at concentrations of 0 25 pCi/L 
(well 11691) and 0 5 pCi/L (well 3091) No background data are avadable for comparison The 
few data avadable do not support identamg Cesium-137 as a groundwater contamant 

Radium-226, Radium-226 was detected m UHSU groundwater (filtered fraction) m 
concentrations rangmg from 0 15 to 2 8 pCi/L The background UTL 1s 1 8  pCi/L and the 
background maxlmum value IS 3 pCi/L Only 2 percent of the OU-2 data (ie, one result) 
exceeded the background UTL, but this result (2 8 pCi/L) was below the background m m u m  
Therefore, radium-226 IS not considered an OU-2 contammant 

Strontium-89-90, Strontium-89,90 was detected m UHSU groundwater (fdtered fraction) m 
concentrations rangmg from 0 009 to 2 1 pCi/L Seven percent of the sample results exceeded 
the background UTL of 0 82 pCi/L Concentrations exceedmg the background UTL occurred 
m only -one of several samphg events per well Because the Occurrences of elevated 
concentrations are temporally lsolated events, t h s  radionuchde 1s not considered a contammant 
m OU-2 groundwater 

Uranium-233-234 Uramum-233,234 did not exceed background by either statlstical test Ur- 
233,234 was detected m UHSU groundwater (filtered fraction) 111 concentrations rangmg from 



0 18 to 43 pCi/L The 
background m m u m  was 200 pCi/L, but most background sample results were less than 18 
pCi/L OU-2 data are consstent with the background data, m that most of the OU-2 results 
were below 11 pCi/L, with four results m the 20 to 24 pCi/L range, and the maxmum at 43 
pCi/L Ur-233,234 concentrations are withm background levels and the lsotopes are not 
considered contammants m groundwater 

None of these results exceed the background UTL of 53 pCi/L 

Uranium-235 Uranium-235, hke uranium-233,234, was not detected in any sample above the 
background UTL of 1 7 pCi/L The background maxunum was 4 8 pCi/L, but most background 
concentrations were less than 1 pCi/L The OU-2 maxllllum was 15 pCi/L, but most OU-2 
concentrations were also less than 1 pCi/L Uraxuum-235 1s considered to be withm background 
levels and 1s not a contammant m groundwater 

3.3 FREQUENCY OFDETECTION 

Organic compounds detected at a frequency of 5 percent or greater were considered potential 
chemicals of concern These compounds are hted m Tables 3-5 (No 1 Sandstone) and 3-6 
(UHSU) and are rncluded m the concentration/tomcity screens for groundwater Frequency of 
detection was evaluated separately for the No 1 Sandstone and UHSU for consstency with the 
evaluation of metals and radionuchdes 

Infrequently detected compounds (detected at less than 5 percent frequency) are h t ed  m 
Tables 3-7 and 3-8 Concentrations of mfrequently detected organic compounds were further 
evaluated as described m Section 35 to identlfy "special case" chemicals of concern for 
evaluation m the mk assessment 

3.4 CONCEN'IRA"ION/TO~CITY SCREENS 

Concentration/toncity screens were used to identlfy chermcals of concern m groundwater to be 
evaluated m the quantitative human health rsk assessment The screenmg process p e m t s  
sei-g chemcals, based on concentrabon and tomcity, that could contribute signrficantly to 
rsk andjdentdies chemicals that can be elmmated from further consideration because they 
contribute msignlficantly to overall risk The screen was performed for all morgaxuc constituents 
identlfied as potential contammants and for all organic compounds detected at a frequency of 
5 percent or greater The concentration/toxlcity screen process was explamed m Section 2 4 
In performrng the concentration/toxlcity screens for organic compounds detected m 
groundwater, If both mhalation and oral toncity factors were avadable for organic compounds, 
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the tomcity value that resulted m the hghest relatwe ruk value was used For evaluation of 
metals and radlonuchdes m groundwater, only oral slope factors were used 

Results of the screen for the No 1 Sandstone are shown m Tables 3-9 (Noncarcmogenic 
Effects), 3-10 (Carcmogenic Effects), and 3-11 (Radionuchdes) Results of the screen for the 
UHSU are shown m Tables 3-12 (Noncarcmogenic Effects), 3-13 (Carcmogemc Effects), and 
3-14 (Radionuchdes) All chemicals that comprise appromately 99 percent of the total risk 
factor are identdied as chemcals of concern to be evaluated m the ruk assessment 

The followmg chemcals were identlfied as chemcals of concern for both the No 1 Sandstone 
and the UHSU as a whole carbon tetrachloride, chloroform, 1,l-dxhloroethene, c1~-1,2- 
dichloroethene, trichloroethene, tetrachlorethene, americium-241, and plutomwn-239/240 
Manganese and barium are identfied as additional c h e m d s  of concern m the No 1 Sandstone 
Uranium-238, and tritium are identlfied as additional chemcals of concern m the UHSU 

3 5  EVALUATION OF INFREQUENTLY DETEC"F,D COMPOUNDS 

As stated m Section 3 2, compounds detected at less than 5 percent frequency can usually be 
elunmated from further considerahon because the potentlal for exposure 1s low However, these 
compounds were further screened so as not to neglect mfrequently detected compounds that 
could contribute significantly to ruk d exposure were to occur In thu screen, maxunum 
concentrations of mfrequently detected compounds were compared to ruk-based screenmg 
values usmg the approach outlrned m Section 2 5 and dembed m greater detad m Appendm 
B Complete results of the evaluation are shown m Table B-6 The evaluahon shows that the 
followmg two mfrequently detected compounds have maxrmum concentrations that exceed the 
screenmg values used m the analysu 

1,Zdibromoethane 
vmyl chloride 

The compound 1,Zdlbromoethane was detected m 2 of 170 groundwater samples at 
concentrations of 18 pg/L (well 6691 m the 903 Pad) and at 13 pg/L (well 7391, IHSS 109) 
Well 6691 is screened m the Rocky Flats alluvium, and well 7391 1s screened m the colluvium 
Both wells are m or near contammant source areas where other solvents have been detected 
The samples with positive results were collected m May 1992 These wells were also sampled 
m November 1992 (4th quarter) and 1,Zdibromoethane was not detected, although reportmg 
h i t s  were elevated, so the results are mconclusive 1,ZDibromoethane IS not characterutic of 
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groundwater contammation at OU-2 because it IS so mfrequently detected However, it wdl be 
evaluated m the rrsk assessment as a "special-case" chemical of concern 

Vmyl chloride was detected at approxlmately 4 percent frequency of detection (10 samples out 
of about 280) The hghest concentrations (380 to 860 kg/L) were detected m several samples 
collected at well 3586 T ~ I S  well is located at the northern boundary of OU-2 near the discharge 
from the Protected Area and near a seep that is bemg mvestigated under a separate program 
Vmyl chloride was not detected m OU-2 upgradient of t h s  well Therefore, vmyl chloride 
detected m t h s  well IS probably not related to source areas m OU-2 Vmyl chloride was 
detected m much lower concentrations (2 to 3 pg/L) m samples from well 7391, where it is co- 
located with other solvents Vmyl chloride IS mcluded as a "speclal-case" chemcal of concern 
for OU-2 

3 6 SUMMARY OF CHEMICALS OF CONCERN IN GROUNDWATER 

Summary hsts of chemicals of concern identhed by the concentration/tomcity screens are shown 
m Tables 3-15 (No 1 Sandstone) and 3-16 (UHSU) 

Some chemicals detected m groundwater do not have EPA-estabhhed toxmty factors and 
cannot be evaluated m the concentration/toncity screen or other rrsk-based screemg for 
mfrequently detected compounds These chemicals are h ted  m Table 3-17 They wdl be 
evaluated quahtatively m the ruk assessment 
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TABLE 3-5 

ROCKY FLATS PLANT OU-2 
ORGANIC COMPOUNDS DETECTED AT 

5% OR GREATER FREQUENCY 
NO. 1 SANDSTONE GROUNDWATER - - 

-mum Detectron 
Concentrabon Frequency 

Chemcal m f l  % 
1, 1 ,1,2-tetrachloroethane 0 0026 6 
1,l. 1 -tnchloroethane 0 13 39 
1,1,2,2-tetrachlomethane 0 0024 6 
l,l-<llchloroethane 0 0034 26 
1,14chlomethene 0 036 34 
l,l&chloropropene 0 0016 5 
1,2d1chlomethene 0 054 39 
acetone 0 16 9 
benzene 0 001 6 
bromochloromethane 0 03 5 
bromdchlommethane 0 018 9 
carbon tetrachlonde 4 5  63 
chloroform 1 1  65 
CIS- 1,2d~hloroethene 0 3  51 
methylene chlonde 3 40 
naphthalene 0044 10 
n-butyl benzene 0 0013 5 
PcYmene 0 00076 6 
tetrachloroethene 13 79 
toluene 0 013 11 
trans-l,2~chloroethene 0 025 13 
tnchloroethene 94 12 
bis (2-ethylhexyl) phthalate 0 017 33 
benzoic acid 0 056 6 
&ethyl phthalate 0 31 26 
dt-n-butyl phthalate 0 003 6 
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TABLE3-6 II: 
d 

ROCKY FLATS PLANT OU-2 - 
ORGANIC COMPOUNDS DETECTED AT 5% 

OR GREATER FREQUENCY 
UHSU GROUNDWATER 

Mswnum Detemon 
Concentrabon Frequency 

Chemcal m g n  % 
1 , 1 , 1 -tnchlomethane 0 54 24 
1,l -dlchloroethane 
1,l dxhloroethene 
1,2d1chloroethene 

0 19 15 
0 26 23 
0 17 32 

(40~263-??7XRmS xLsx8no/93 10 46 PM) Sheet 1 of 1 

bromdchloromethane 0 02 7 
carbon tetrachlonde 17 57 
chloroform 1 7  58 
CIS- 1,2d1chloroethene 1 4  46 
methylene chlonde 3 9  26 
tetrachloroethene 13 67 
toluene 0 01 9 
trans- 1.2d1chloroethene 0 03 11 
tnchloroethene 94 62 
b1~(2-ethyIhexyl)phthalate 0 017 38 

naphthalene 0 09 13 
hethylphthalate 0 31 20 

heptachlor epoxrde 0 oooO7 r( 

* Reported in 1 of 2 samples analyzed 
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ROCKY FLATS PLANT OU-2 
ORGANIC COMPOUNDS DETECTED AT 

LESS THAN 5./. FREQUENCY 
NO. 1 SANDSTONE GROUNDWATER 

&mum Detectton 
Conammon Frequency 

% 
1,1,2-tnchloroethane OO006 \ 3  
1,2,3-tnchlorobenzene OooOo3 3 
1,2,4-tnchlorobenzene 0 0003 1 
1,2d~hloraethane 0 001 3 
1,3dmethylbenzene 0 0002 3 
4-methyl-2-pentanone 0 01 4 
1,2,4-tnmethylbenzcne 0 0001 3 
1 , 3 , 5 ~ e t h y l b ~ ~ 1 ~  o m 9  3 
carbondtsulfide 0 0008 4 
chlorobenzene 0 016 2 
chlomthme 0 043 2 
chloromethane 0 00029 2 
as-1,3-d1chloropropene 0 013 2 
dbromomethane 0 065 2 
dchloMuoromethane 0 00058 3 
ethylbenzene 0 015 2 
hexachlorobut&ene 0 0012 4 
sec-buty lbenzene 0 00024 3 
styrene 0 014 3 
total xylene 0 053 3 
tnchlorofluoromethane 0 00057 4 
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TABLE 3-8 

ROCKY FLATS PLANT OU-2 
ORGANIC COMPOUNDS DETECTED AT 

LESS THAN so/. FREQUENCY 
UHSU GROUNDWATER 

Maxlmm D e m o n  
Concentrabon Frequency 

Chemcal m g L  % 
1,1,1,2-tetrachloroethane 0 003 3 
1,1,2,2-tetrachloroetbane 
1,1,2-tnchlorOethane 
1, ldchloropropene 
1,2,3-tnchlor&nzene 
1,2,3-tnchloropropane 
1,2,4-tnchlor&nzene 
1,2dbromoethane 
1 , 2 d c h l o W e  
1,2dchloroethane 
1,2dchloropropane 
1,2dmethylbenzene (0-xylene) 
1,3dchlombenzene 
1,3dchlorapropane 
1,3dmethylbenzene (m-xylene) 
1,4dchlorobenzene 
2-hexanone 
4-methyl-2-pentanone 
acetone 
benzene 
1,2,4-tnmethylbenzene 
1,3,5-tnmethylbenzene 
benzoic acid 
bromobenzene 
bromoform 
chlorobenzene 
chloroethane 
chloromethane 
cis-l,3dchloropropene 
chbromomethane 
chchloduoromethane 
ethylbenzene 
hexachlorobu~ene 
n-buty lbenzene 
ochlorotoluene 
p-chlorotoluene 

0 18 
0 02 
0 002 
0 0003 
0 002 
0 002 
0 01 

00001 
0 0073 
0 02 

0 0002 
0 002 
0 0003 
0 0003 
0 0003 
0 005 
0 01 
0 16 
0 005 
0 0001 
0 001 
0 056 
0 0003 
0006 
0 02 
004 
0 005 

1 7  
1 7  

OOOO6 
0 02 

0 0012 
0 001 
0 003 
0 0003 

3 
2 
2 
2 
2 
2 
1 

<1 
3 

<1 
3 
2 
1 
2 
1 
2 
2 
4 
5 
2 
1 
4 
1 
1 
1 
1 
1 
1 
2 
1 
2 
3 
2 

0 05 
<1 
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TABLE 3-8 
(Concluded) 

-mum 
Concentrabon 

Deteaon 
Frequency 

mg/L % 
p-cymene 0 0008 4 
1,2dbmm0-3-chlompmpane 0004 1 
sec-buty lbentene 0 2  3 
secdchlompmpane 0 01 1 
styrene 0 01 3 
tert-butylbenzene OOOO4 1 
wnyl chlonde 086 3 
&-n-butylphthalate 0 003 4 

Sheet 2 of 2 
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ROCKY FLATS OU-2 
CONCENTRATION/TOXICITY SCREEN 
NO. 1 SANDSTONE GROUNDWATER 

NONCARCINOGENS 
(Organics and Total Metals) 

Maxmum inhalatron Oral Rlsk Rlsk 
Chermcal Value (ppm) RFD RFD Factor Index Rank Percent 
carbon tetrachlonde (1) 4 5  n/a 700E-04 643Ei-03 806E-01 1 80 6 
tetrachloroethene (1) 13 n/a 1OOE-02 13OEi-03 163E-01 2 968 
chloroform (1) 1 1  n/a 1OOE-02 110Ei-02 138E-02 3 98 2 
mankaneSe(3) 4 92 n/a 1OOE-01 492Ei-01 6 17E-03 4 98 8 
banurn (2,l) 3 09 n/a 700E-02 441Ei-01 553E-03 5 99 4 
*as-1,2-d1chloroethene (2) 0 3  n/a 1OOE-02 3OOEi-01 3763-03 6 99 8 
1,2dIchloroethene (2) 0 054 6OOEW 7523-04 7 998 
1,ldxhloroethene (1) 
acetone (1) 
l,l,l-tnchloroethane (2) 
trans-l,2dIchloroethene (1 
naphthalene (2) 
brom&chloromethane (1) 
bis(2ethylhexyl)phthalate 
methylene chlonde (2,l) 
&ethyl phthalate (1) 
toluene (1) 
1,1,1,2-tetrachloroethane ( 
1,14chlomthane (2,3) 
benzoic acid (1) 
&-n-butylphthalate 

0 036 
0 16 
0 13 

0 025 
0044 
0 018 
0 017 
004 
0 31 

0 013 
0 0026 
0 0034 
0 056 
0 003 

n/a 
n/a 
n/a 

3 OOE-01 
n/a 
n/a 
n/a 
n/a 

9 OOE-01 
da 

110E-01 
n/a 

14OE-01 
n/a 
n/a 

9 OOE-03 
9 OOE-03 
1 OOE-01 
9 OOE-02 
2 OOE-02 
4 OOE-02 
2 OOE-02 
2 OOE-02 
6 OOE-02 
8 OOE-01 
2 OOE-01 
3 OOE-02 
1 OOE-01 

4 00E+OO 
1 00Ei-01 

4 OOE+OO 
1 60EMO 
1 44E+OO 
1 25EW 
1 lOE+OO 
9 OOE-01 
8 50E-01 
6 67E-01 
3 88E-01 
118E-01 
8 67E-02 
3 40E-02 
140E-02 
3 OOE-04 

5 01E-04 
2 OOE-04 
181E-04 
157E-04 
138E-04 
1 13E-04 
1 07E-04 
8 35E-05 
4 86E-05 
148E-05 
109E-05 
4 26E-06 
175E-06 
3 76E-08 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

99 9 
99 9 
99 9 
99 9 
100 0 
loo 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 

Total nsk factor 7 98Ei-03 

sources* 
1 =Ins 
2=Heast 1992 
3=Heast 1991 
RfDs are m wts of mg/lcgday and slope factors are in wts of l/(mg/lcgday) 
* as-l,2dIchloroethene contnbutes approxunately the same amount to the total nsk factor as h u m  
and manganese &it is retarned as a chemcal of concern 

I s 
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TABLE 3-10 

ROCKY FLATS OU-2 
CONCEN"RA"ION/TOXICTY SCREEN 
NO. 1 SANDSTONE GROUNDWATER 

CARCINOGENS 
(Organics and Metals) - m v c  Maxlmum Inhalation oral Rlsk Rlsk 

Chermcal Value(ppm) SlopeFactor SlopeFactor Factor Index Rank Percent 
tnchloroethene (2) 94 5 95E-03 110E-02 1 0 3 E W  432E-01 1 43 2 
tetrachloroethene (2) 
carbon tetrachloride (1) 
chloroform (1) 

13 18OE-03 510E-02 663E-01 277E-01 2 70 9 
4 5  5 25E-02 130E-01 585E-01 244E-01 3 95 3 
1 1  800E-02 610E-03 880E-02 368E-02 4 99 0 

1,l &chloroethene (1) 0 036 175E-01 600E-01 216E-02 903E-03 5 ,99 9 
bromdchloromethane (1) 0 018 da 620E-02 112E-03 4663-04 6 loo 0 
methylene chlonde (1) 004 16OE-03 750E-03 300E-04 125E-04 7 loo 0 
bis(2-ethylhexyl)phthalate (1) 0 017 da 14OE-02 238E-04 994E-05 8 loo 0 
1 , 1,1,2-tetrachloroethane (1) 0 0026 260E-02 260E-02 676E-05 282E-05 9 loo 0 
benzene (2,l) 0 001 290E-02 290E-02 290E-05 121E-05 10 loo 0 

Total nsk factor 2 39E+OO 

sowces 
1=hs 
2=Heast 1991 
RFDs are in wts of mgflrg-day and slope factors are in wts of l/(mg/kgday) 

Sheet 1 of 1 
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TABLE 3-11 

ROCKY FLATS OU-2 
CONCENTRATION/TO~CITY SCREEN 

NO. 1 SANDSTONE GROUNDWATER 
RADIONUCLIDES 

(TOW 
a 

Maximum Inhalabon oral fisk Bsk Cumulabve 
Chemcal ValuWdL) SlopeFactor SlopeFactor Factor Index Rank Percent 
PlUtONUm-239,240 (1) 5 02 n/a 23OE-10 115E-09 8 15E-01 1 81 '5 
americium-24 1 ( 1) 109 n/a 24OE-10 262E-10 185E-01 2 100 0 
Total nsk factor 142E-09 

sources 
l=Heast 1992 
Slope factors are in mts of 1lpCi 

Sheet 1 of 1 
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ROCKY FLATS OU-2 
CONCENTRATION/TOXIClTY SCREEN 

UHSU GROUNDWATER 
NONCARCINOGENS 

(Organics and Dissolved Metals) 

Mawmun Inhalauon oral Risk Bsk CUmUlatlVC 
Chenucal value RFD RFD Factor Index Rank Percent 
carbon tetrachlonde (1) 17 n/a 700E-04 243E+04 931E-01 1 93 1 
tetrachloroetbene (1) 14 n/a 100E-02 14OEi-03 537E-02 2 98 4 
chloroform (1) 1 7  n/a 1OOE-02 17OEi-02 652E-03 3 99 1 
*cis-1,2-drchlomthene (2) 1 4  n/a 1OOE-02 14OEi-02 537E-03 4 99 6 
manganese (3) 3 9  n/a 100E-01 390E+01 149E-03 5 99 8 
1,l-drchlomethene (1) 0 26 n/a 900E-03 289Ei-01 111E-03 6 99 9 
bamm (1) 0 68 n/a 700E-02 971EW 372E-04 7 99 9 
l,l,l-tnchlomethane (2) 054 300E-01 900E-02 6OOEW 230E-04 8 100 0 
nnc (2) 0 76 n/a 200E-01 380EW 1463-04 9 100 0 
naphthalene (2) 0 09 n/a 400E-02 225EW 862345 10 100 0 
1,l-drchloroethane (2,3) 019 14OE-01 1OOE-01 19OEW 728E-05 11 100 0 
trans-1,2-drchlorethene( 1) 0 03 n/a 200E-02 150EW 5753-05 12 100 0 
bromdchloromethane (1) 0 02 n/a 200E-02 100E+OO 383E-05 13 100 0 
bis(2-ethylheq4)phthalate (1) 0 017 d a  200E-02 850E-01 3263-05 14 100 0 
methylene chlonde (2,l) 004 900E-01 6OOE-02 667E-01 2563-05 15 100 0 
&ethyl phthalate (1) 0 31 n/a 800E-01 388E-01 149E-05 16 100 0 
toluene (1) 001 110E-01 200E-01 909E-02 3483-06 17 100 0 

Total nsk Factor 2 61E+04 

sources 
l=Ins 
2=Heast 1992 
3=Heast 1991 
RfDs iue rn wts of mg/kg&y and slope faders iue in mts of l(m&gday) 

Cis-1,2-drchlomethene contnbutes approxmately the same amount to the total nsk factor as chloroform, so it 
is remned as a chenucal of concern 

sheet 1 o f 1  
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TABLE 3-13 

ROCKY FLATS OU-2 
CONCENTRATION/TOXICITY SCREEN 

UHSU GROUNDWATER 
CARCINOGENS 

(Orgmcs and Total Dwsohed Metals) 

Chermcal Value@pm) SlopcFador SlopeFactor Factor Imlex Rank Perccnt 
tnchlomthene (2) 94 5 95E-03 110E-02 103E+Oo 4 14E-01 1 41 4 
tetrachloroethene (2) 
carbon tetrachlonde (1) 
1,ldchloroethene (1) 

13 1 80E-03 510E-02 663E-01 265W1 2 67 9 
4 5  5 25E-02 1 30E-01 5 85E-01 2 34E-01 3 91 4 
0 2  1 75E-01 600E-01 120E-01 480E-02 4 % 2  

chlorofom (1) 11 8 00E-02 610E-03 880E-02 352E42 5 997 
bromochchloromethane (1) 0 1  nla 620E-02 620E-03 248E-03 6 98 9 
l,l, 1,2-tetrachloroethane (1) 0 05 2 60E-02 260E-02 130E-03 520E-04 7 100 0 
methylene chlonde (1) 0 04 1 60E-03 750E-03 300E-04 120E-04 8 100 0 
bis(2ethylhexyl)phthalate (1) 0 017 n/a 140E-02 238E-04 953E-05 9 100 0 

Total nsk factor 2 5OE+OO 

sources 
l=hs 
2=Heast 1991 
RfDs are in wts of mgkg-day and slope factors are in uruts of l/(mg/kg-day) 

Sheet 1 of 1 
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TABLE 3-14 

ROCKY FIATS OU-2 
CONCENTIWTION/TOXICITY SCREEN 

UHSU GROUNDWATER 
RADIONUCLIDES (Dissolved) 

CheIlltcal Value (pCdL) slope Factor Slope Factor Factor Index Rank Percent 
amenam-24 1( 1) 21 3 nla 24OE-10 5 11E-09 732E-01 1 73 2 
urar~~m-238 76 nla 2 1OE-11 16OE-09 228E-01 2 960 
plUtonl~-239/240( 1) 0 8  d a  23OE-10 184E-10 263E-02 3 98 6 
trltlm 1753 nla 54OE-14 947E-11 135E-02 4 loo 0 

Total Bsk Factor 6 99E-09 

sources 
l=Heast 1992 

Slope fiwtors are in umts of l/pCi 
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TABLE 3-15 

ROCKY FLATS PLANT OU-2 
CHEMICALS OF CONCERN 

NO. 1 SANDSTONE GROUNDWATER 

Organic Compounds and Metals Rachonuchdes 

carbon tetrachloride 

chloroform 

CIS- 1,2-dichloroethene 

1,l-dichloroethene 

tetrachloroethene 

trichloroethene 

manganese 

barium 

americium-24 1 

plutonium-239/240 

1 -  
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TABLE 3-16 

ROCKY FIATS PLANT OU-2 
CHEMICALS OF CONCERN 
UHSU GROUNDWATER 

Orgamc Compounds Rahonuchdes 

carbon tetrachloride amencum-241 

chloroform uranium-238 

CIS- 1,2-dichloroethene plutonium 239/240 

1,l-dichloroethene tritium 

tetrachloroethene 

trichloroethene 

SPECIAL CASE CHEMICALS OF CONCERN 

1,Zdibromoethane 

vmyl chloride 

Sheet 1 of 1 

b 



8 
1 
(I 
1 
1 
8 
~I 
I 
I 

TABLE 3-17 

ROCKY FLATS PLANT OU-2 - 

POTENTIAL CONTAMINANTS WITHOUT EPA TOXICITY FACTORS 
GROUNDWATER 

1,l-Dichloropropene 
1,2,4-Trichlorobemene 
1,2,4-Trmet hylbenzene 
1,3,5-Trmethylbemene 
1,3-Dichlorobenzene 
2-Hexanone 
Bromochloromethane 
n-Butylbenzene 
n-Propylbenzene 
p-Phlorotoluene 
p-Cymene 
Phenanthrene 
sec-Butylbenzene 
sec-Dichloropropane 
Tetrabutylknzene 

I 
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4.0 
SUBSURFACE SOIL CHEMICALS - OF CONCERN 

4.1 DATA EVALUATION 

Chemicals of concern m subsurface sod were selected usmg the data set identdied m Table 2-2 
Thu mcludes borehole samples collected m 1987 under the OU-2 Phase I mvesbgabon and m 
1991-1992 under the OU-2 Phase 11 mvesbgation Borehole samples were analyzed for volatdes, 
semwolatdes, pesticides, metals, and radonuchdes Borehole locations are shown m Figure 4-1 

The data received from RFEDs were reviewed and edted usmg the steps and criteria outhed 
m Section 2 1 to develop a data set for further evaluabon The data set used to identdy 
potential chemcals of concern for exposure to subsurface s o h  was restricted to samples 
collected above the water table so as to avoid the posgibhty of collectmg sod samples that may 
be cross-contammated by groundwater 

Several common laboratory contamants detected m subsurface sod samples (bs(2- 
ethylhexyl)phthalate, dm-butylphthalate, methylene chloride, and acetone) were evaluated to 
judge whether theu occurrence may be due to cross-contammabon from samphg or analytd 
procedures If these compounds are found m consistently low concentrations regardless of 
samphg locabon, it IS probable that they are not related to waste sources m OU-2 and can be 
elunmated from further consideration as chemicals of concern The evaluation of these 
compounds follows 

Bid 2-ethvlh- ate and d i-n-butv Bls(2-ethylhexyl)phthalate (BEHP) was 
detected m 47 percent of the subsurface sod samples, and di-n-butylphthalate (DNBP) was 
detected m only 10 percent of the samples Although m many cases the concentrabons were 
estmated values below the detection h i t  (330 pg/kg), m many other cases, elevated 
concentrations of BEHP rangmg from 400 to 12,000 pg/kg were detected m spatially related 
samphg locations, suggestmg that BEHP may be an envuonmental contammant m these areas 
For example, BEHP was consutently detected m a series of bormgs m the Mound Area (bormgs 
3287,3287,3387,3487,3587,3687,3787, and 3887) DNBP was also detected m a number of 
these bormgs, but m much lower concentrations (40 to 100 pg/kg) 

BEHP was consistently detected m three bormgs m the Northeast Trenches Area bormg 10191 
m Trench T-3 (5500 pg/kg), bormg 4387 m Trench T-4 (360 and 420 pg/kg), and bormg 4587 



(770 and 880 pg/kg) BEHP was also conslstently detected m several bormgs m and south of 
the 903 Pad, m concentrations rangmg from 540 to 1600 pg/kg. - 

The 1987 borehole data have not been vahdated Therefore, it is not known whether the BEHP 
and DNBP detected rn these samples result from field or laboratory contammation Because 
of this uncertamty, BEHP and DNBP are considered to be possible OU-2 contammants m 
subsurface sod and are mcluded m concentration/toacity screens for thts medium 

Methvlene C w  Methylene chloride was detected m about 30 percent of the subsurface 
sod samples Detected concentrations range from 1 pg/kg to 37 pg/kg About two-thuds of the 
results were B or J quahfkd (typical reportmg h i t  was 5 pg/kg, some samples wth positlve 
results had reportmg lunrts of 25 pg/kg) 

At these low concentrations, methylene chloride IS not of particular concern for adverse health 
effects, and its presence may or may not be due to environmental contammation m OU-2 
Nevertheless, it IS mcluded m the concentration/toacity screens to identrfy chermcals of concern 
for subsurface sods Based on the screens (Tables 4-5 and 4-6) methyIene chloride IS not a 
chemical of concern m sods m OU-2 

Acetone Concentrations of acetone rangmg from 3 to 340 pg/kg (and one J-quahfied result 
of 26,000 pg/kg) were observed m subsurface sod samples collected m the Northeast Trenches 
Area Acetone was detected m concentrations rangmg from 19 to 500 pg/kg (reportmg h i t  
= 25 pg/kg) m numerous subsurface sod samples m the Mound Area However, most of these 
samples did not have detected concentrations of other VOCs, and, therefore, acetone IS 
considered to be a probable laboratory contammant m these samples 

Historical mformation mdicates that acetone stdl bottoms were located m the 903 Pad Area 
However, acetone was detected m only a few samples taken from thls area at concentrahons 
at less than 50 pg/kg Therefore, it 1s unllkely that acetone IS an environmental contamrnant 
m the 903 Pad 

In conclusion, acetone appears to be a mmor contammant, and may be a result of laboratory 
contammation For example, it IS detected m a number of samples where no other VOCs are 
detected, thls suggests the possibhty of laboratory contammation In some areas (eg,  
Southeast Trenches and Mound Area) it IS detected m fauly consfitent concentrahons regardless 
of depth (data not shown) "hIS pattern IS not mdicative of a concentration gradent resultmg 
from chemical releases The smgle hgh detechon of 26,000 pg/kg (reportmg h t  = 25,000 

- -  



was m a sample that was dduted 5000 tunes because of high concentrahons of chlormated 
solvents The acetone reported m ths sample could be due to laboratory contammation 
(although the result was not B quMied) 

- 

Even though it 1s uncertam whether acetone 1s a site-related contmant m OU-2, it 1s mcluded 
m the concentration/tomcity screen for noncarcmogenic effects at its m m u m  reported 
concentration of 26,000 pg/kg This s a highly conservative approach, because ths 
concentration s not characterstic of subsurface sods Based on the results of the 
concentration/toncity screen, acetone s not a chemical of concern m subsurface sods m OU-2 

4.2 BACKGROUND COMPARISON MIR INORGANIC COMPOUNDS 

Tables 4-1 and 4-2 summarue the results of comparmg concentrations of metals and 
radionuchdes m borehole samples to background levels Metals and radionuchdes that did not 
exceed background levels were elunmated from further consideration as potential chemcals of 
concern The background comparson process is described m Appendlx A 

4.2.1. Metals 

On the bass of the statlstlcal tests, the followmg metals do not appear to exceed background 
levels (1 e ,  the metal &d not exceed background by usmg both the UTL and ANOVA tests) 
alummum, barium, beqhum,  chromium, cobalt, copper, lead, hthum, manganese, mckel, 
selenium, sdver, tm, vanadium, and zmc Only antmony, arsemc, cadmium, cesium, mercury, 
molybdenum, strontium, and thahum appear to exceed background by one or both tests Of 
these, arsenic, cadmium, and strontium are retamed as probable OU-2 contamants and are 
mcluded 111 concentrationltoncity screens to identlfy chemicals of concern The reasons for 
retammg these metals are ouhed below 

Metals Retamed as Potentd Contammants 
on the Basis of Data Evaluation 

Subsurface Sods 

ksenic Arsemc is retamed as a contanunant because it was detected m 47 subsurface sod 
samples above the background UTL of 12 mg/kg (Background maxunum = 42 mg/kg, all but 
two background sample results were at or below 11 mg/kg ) Concentrations of arsenic m OU-2 
samples above the UTL ranged from 12 to 37 mg/kg The maxunum concentrauon was 
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detected m BH3987 (Northeast Trenches Area) at a depth of 0 to 2 feet and 25 mg/kg at 14 5 
to 17 feet 

Elevated concentrations of arsenic were detected withm three source boreholes m Trench T-7 
(IHSS 111 4) m the Southeast Trenches Area An arsenx concentration of 22 8 mg/kg was 
detected from a depth of 6 to 7 4 feet m BH4887,25 7 mg/kg was detected from a depth of 7 
to 8 9 feet m BH5087, and 29 6 mg/kg was detected from a depth of 6 to 7 5 feet m BH5487 
Additionally, an arsenic concentration of 28 4 mg/kg was detected m BH5187 at a depth of 0 
to 9 feet BH5187 IS located m Trench T-8 (IHSS 111 5) 

Although arsenic IS a naturally oocurrmg element m sods, the frequency of detection above 
background levels precludes the exclusion of arsemc as a potential OU-2 contamant m 
subsurface sods 

Cadmium Cadmium was detected m 36 percent of the subsurface sod samples m 
concentrations exceedmg the background UTL of 2 mg/kg Concentrations above background 
UTL range from 2 1 to 10 mg/kg The max.unum concentrahon of cadmium was detected m 
source borehole 10291 from a depth of 2 to 8 feet Borehole 10241 located m Trench T-4 
(IHSS 111 1) withm the Northeast Trenches Area Other boreholes m the Northeast Trenches 
Area had concentrations of cadmium rangmg from 2 1 to 5 6 mg/kg, in samples obtamed from 
a depth of less then 10 feet (the appromate maxmum depth of a trench) Samples from 
BH2587 and BH2787 had cadmium concentrations of 5 2 and 5 4 mg/kg respechvely at a depth 
of less than 10 feet Although cadmium concentrations m OU-2 were not substantially above 
the background UTL, the relatively high frequency of detection above the UTL and the 
Occurrence m known dlsposal trenches preclude the exclusion of cadmium as a potential OU-2 
con tamman t 

Strontium Strontium was detected m 12 subsurface sod samples above the background UTL 
of 127 mg/kg Concentrations of strontium above the background UTL ranged from 133 to 246 
mg/kg The maXunum concentration was detected m borehole 319787 from a depth of 0 to 3 
feet Eight of the 12 strontium detections above background were obtamed from boreholes m 
the Southeast Trenches Area from a depth of less than 10 feet (the appromate m m u m  
depth of a trench) l b o  strontium detections were obtamed from boreholes located beneath 
the 903 Pad (IHSS 112) and the other two detections were located m the Mound Area (IHSS 
113) All elevated results were m samples collected from a depth of less than 10 feet 
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Although strontium did not have a high frequency of detection, it was detected m several 
samples at concentrations above the background UTL m known disposal trenches Therefore, 
strontium is considered a potential OU-2 contammant m subsurface sods 

Metals Elunmated as Contammants 
on the Bass of Data Evaluation 

Subsyrface Sods 

Antunony, cesium, mercury, molybdenum, and thalhum exceeded background by one statlstd 
test but not by another These metals are e h a t e d  from further consideration for the reasons 
o u t h e d  below 

Antunony Antunony was detected at concentrations above the background UTL of 12 mg/kg 
m only two subsurface sod samples collected m the 903 Pad area Detected concentrations were 
16 and 24 mg/kg Background maxlmum was 16 mg/kg, with a detection frequency of 16 
percent Based on the overall low frequency of detection (4 percent), the fact that only two 
results exceeded the background UTL, and that antunony did not exceed background by the 
ANOVA test, antunony IS not considered an OU-2 contamant  m subsurface soils 

Ces iu  Cesium IS e h m a t e d  from further consideration because it IS below background by 
the ANOVA test, and the results that exceeded the background UTL were non-detect (one-half 
reportmg h i t s )  

Mercury Mercury was detected m about 20 percent of the samples analyzed, m concentrations 
rangmg from 0 06 to 0 49 mg/kg (detection h i t  = 0 1 mg/kg), with one elevated concentration 
of 114 mg/kg detected m a 0 to 10-foot composite sample from borehole 2987 This borehole 
is located west of the 903 Pad and is unrelated to known source areas Background UTL IS 1 
mg/kg and the background maxlmum IS 6 mg/kg Because all OU-2 results are below the 
background UTL, except for the one outher at a location unrelated to known source areas, 

mercury IS not considered a contammant m OU-2 

Molvbdenum Molybdenum is e h a t e d  from further consideration because it IS below 
background by the ANOVA test and the results that exceeded the background UTL were non- 
detect (one-half reportmg h i t s )  
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Th&um "habum 1s elmmated from further consideration as a contammant m subsurface 
sods because all of the results were below the background UTL of 3 mg/kg and the OU-2 mean 
concentration of 1 mg/kg is comparable to the background mean of 0 8 mg/kg 

432 Radionuclides 

Table 4-2 summarnes the background comparmn radionuchdes m subsurface sods For a 
number of the analytes, few background data were avadable for comparson Rad~um-226, 
strontium-89,90 and strontium 90 did not exceed background based on both statstical 
comparisons and were elunmated from further consideraaon on that bas1s Americium-241, 
plutonium-239,240, and cesium-137 are probable contamants based on the percentage of 
results (33% to 78%) that exceed the background UTLs Nearly all elevated tritium results (17 
samples) occurred m trenches m the Southeast Trenches Area or at the 903 Pad, therefore, 
tritium s retamed as a probable contammant m subsurface sods Although only a small 
percentage (3%) of results for ura~um-238 exceeded the background UTL (1 5 pCi/g), the 
elevated concentrations ranged from 2 to 133 pCi/g and were detected m the 903 Pad Area and 
at Trenches T-3 and T-4 m the Northeast Trenches Area, therefore, uranium-238 1s retamed 
as a probable contammant m OU-2 For the reasons outhed below, uramum 233/234 and 
uranium 235 were retamed as "special case" contammants, and radium-228 was elunmated from 
further consideration 

Uranium-233.234 Uranium-233,234 was detected m two borehole samples (1 percent) above 
the background UTL of 2 5 pCi/g Concentrations above background UTL ranged from 14 35 
to 191 7 pCi/g The m m u m  concentration was obtamed from borehole 10291 from a depth 
of 2 to 8 feet Source borehole 10291 1s located m Trench T-4 (IHSS 111 1) Borehole 10191, 
which is located m Trench T-3 (IHSS 111 0), had a concentration of 14 35 pCi/g from a depth 
of 4 2 to 8 0 feet Review of the data mdicates that uranium-233,234 1s not a contammant 
characteristic of OU-2 sods However, it 1s a local contammant m Trenches T-3 and T-4 and 
is retamed as a "special case" chemical of concern for evaluation m the r1sk assessment 

Uramum-235 Uranium-235 was also detected m two borehole samples above the background 
UTL of 0 2 pCi/g Uranium-235 concentrations m boreholes 10191 and 10291 were 0 75 pCi/g 
and 11 5 pCi/g, respectively Both detections were from the uppermost composite sample Due 
to the low frequency of elevated concentrations, it 1s not considered a contammant characterstic 
of subsurface sods m OU-2 However, uranium-235 is a local contammant m Trenches T-3 and 
T-4 and s retamed as a "special case" chemical of concern for evaluation m the rsk assessment 
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Radium-228 Radium-228 was detected m SIX borehole samples (9 percent) above the 
background UTL of 2 0 pCi/g Concentrations above background UTL range from 2 044 to 2 6 
pCi/g Because the maxllllum concentration (26 pCi/g) 1s not substantially hgher than the 
background UTL (20 pCi/g) or the background m m u m  (22 pCi/g), radium-228 is not 
considered a contammant m subsurface sod m OU-2 

4.3 FREQUENCY OFDETECTION 

Organic compounds detected at a frequency of 5 percent or greater were considered potential 
chemicals of concern and are k e d  m Table4-3 These compounds are mcluded m the 
concentrauon/toxmty screens for subsurface soils (Section 4 4) 

Compounds detected m subsurface sods at less than 5 percent frequency are hsted m Table 4-4 
The potential for exposure to mfrequently detected compounds 1s low Nevertheless, 
concentrations of mfrequently detected orgaxuc compounds were further evaluated as described 
m Section 4 5 to identlfy those that could contribute sirncantly to risk If exposure were to 
occur 

4.4 CONCENTRATION/"UXIC"Y SCREENS 

Concentration/tomcity screens were used to identlfy chemcals, based on concentration and 
tomcity, that could contribute significantly to ruk and to elirmnate chemicals from quanbtabve 
evaluation m the risk assessment that contribute msigndicantly to rBk The screen was 
performed on chemcals detected above background and at a frequency of 5 percent or greater 
The concentration/tomcity screen process was explained m Section 2 4 Results of the screen 
for borehole data are shown m Tables 4-5 (Noncarcmogeruc Effects), 4-6 (Carcmogemc Effects), 
and 4-7 (Radionuchdes) Chemcals of concern are summarned m Table 4-8 AU chemicals 
that comprise appromately 99 percent of the total r1sk factor are identlfied as chemicals of 
concern to be evaluated m the ruk assessment 

Compounds wthout EPA-estabhshed toxicity factors cannot be assessed and are not mcluded 
m the concentration/toxmty screen Table 4-9 identifies the compounds for which EPA has not 
estabhshed tomcity factors These compounds wdl be addressed quahtatively m the rsk 
assessment 
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Compounds detected at less than 5 percent frequency may be ehmated from further 
consideration because the potential for exposure is low However, these compounds were 
further screened so as not to neglect mfrequently detected compounds that could contribute 
signficantly to rsk If exposure were to occur In ths screen, m m u m  concentrations of 
mfrequently detected compounds were compared to rsk-based screenmg values usmg the 
approach o u h e d  m Section 2 5 and described m greater detad m Appendrx B 

WALUATION OF INFREQUENTLY DETECI'ED COMPOUNDS 

Results of the comparmn are shown m Tables B-7 and B-8 No mfrequently detected 
compounds m subsurface sods were present at concentrahons greater than the screenmg values 
used m the analyss 

4.6 SUMMARY OF CHEMICALS OF CONCERN IN SUBSURFACE SOIL 

OU-2 chemicals of concern m subsurface sod idenwied by the approach described above are 
hsted m Table 4-8 These are arsemc, cadmium, tetrachloroethene, uramum-238, americium- 
241, and plutonium-239/240 Special case chemicals of concern are uramum-233,234 and 
uranium-235, based on the Occurrence of elevated concentrations m two samples from the 
Northeast Trenches Area 
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TABLE 4-3 
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS D m  AT - 
5% or GREATER FREQUENCY 

SUBSURFACE SOIL 

Maxmum Detection Frequency 96 - 

Concentration, mg/kg 

Acetone 26 34 

Methylene chlonde 037 32 

1,2-Dichloroethane 0 120 12 

2-Butanone 

1 , 1 , 1-Trichloroethane 

0 15 

13 

7 

7 

Tr ichloroethene 120 5 3  

Toluene 1 1  34 

Tetrachloroethene 13000 1 1  

Total xylenes 0 23 5 

Bis(2-ethylhexy1)phthdate 12 47 

N-Nitrosodiphen ylamine 0 37 18 

Di-n-butyl phthalate 3 4  10 

Sheet 1 of 1 
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TABLE 4 4  
ROCKY FLATS PLANT OU-2 

ORGANIC COMPOUNDS DETECI'ED AT - 
LESS THAN 5% FREQUENCY 

SUaSURFACE SOIL 

Mlunmum Concentrabon Detemon Frequency 
mdlrg % 

1,1,2-Tnchloroethane 0 027 0 7  

1,l-Dichloroethane 0008 0 3  

1,2-Dichloroethane 009 2 

2-Chloroethyhnylether 0 031 07  
Benzene 0 on 0 3  

Bromomethane 0006 03 

Carbon tetrachlonde 140 4 

Chloroethane 0 050 0 3  

Chloroform 8 8  3 
Cs-l,fdrchloropropene 0006 0 3  
Ethylbenzene 0 78 1 

Styrene 

Ardor-1254 

4,4'-DDT 

Pentachlorophenol 

0 17 
89 

0 14 

0095 

1,4DiCblorobenzene 0 043 

Fluoranthene 10 

Pyrene 13 

DI-n-octyl phthalate 026 

2-Methylnaphthalene 8 1  

Phenanthrene 2 7  

0 3  

2 

035 

0 7  

04  

1 8  

2 2  
0 4  

1 8  

1 

Acenaphthene 028 0 7  

Benzo(a)pyrene 

Chrysene 

048 

0 42 

0 7  

0 7  
Naphthalene 2 0  0 7  

Benzoic Aad 04 0 4  
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ROCKY FLATS PLANT OU-2 
CONCENTRATION/TOXICI"Y SCREEN 

SUBSURFACE SOIL 
NONCARCINOGENS 
(Organics and Metals) 

Maximum Inhalabon Oral hsk hsk Cumulabve 
Chemcal Value@pm) RFD RFD Factor Index Rank Percent 
tetrachloroethene( 1) 13000 d a  100E-02 13OE+O6 906E-01 1 906  
arsetuc( 1) 37 n/a 300E-04 123E+05 859E-02 2 99 2 

(1) 10 5 da 100E-03 105Ei-04 732E-03 3 99 9 
bis(2ethylhexyl)phthalate 12 d a  200E-02 600E+02 418E-04 4 100 0 
strontmn (2) 246 n/a 8 80E-01 2 80E+02 1 953-04 5 loo 0 
acetone (1) 26 n/a 100E-01 260E+02 181E-04 6 100 0 
l,l,l-tnchlorethane(2) 13 300E-01 900E-02 144EM2 101E-04 7 100 0 
toluene( 1) 1 4  11OE-01 200E-01 127E+01 887E-06 8 100 0 
2-butanone( 1) 0 21 300E-01 600E-01 700E-01 488E-07 9 100 0 
methylene chlonde (1) 0 037 900E-01 600E-02 617E-01 430E-07 10 100 0 
&-n-buty lphthalate 3 4  n/a loOEM1 340E-01 237E-07 11 100 0 
total xylenes( 1) 0 23 da 20OEi-00 115E-01 801E-08 12 loo 0 

sources 
(1) Ins 
(2) Heast 1992 

Total R~sk Factor 1 44E+O6 

Tomcity factors are m wts of mglkg-day 0 s )  and l/(mglkg-day) (slope factors) 

I 
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TABLE 4-6 
- 

ROCKY FLATS OU-2 
CONCEN"&ITION/TOXICI"Y SCREEN 

SUBSURFACE SOIL 
CARCINOGENS 

(Organics and Metals) 

Maxunum Inhalatton oral Rlsk Rlsk Cumulative 
Chemcal Value (ppm) Slope Factor Slope Factor Factor Index Rank Percent 
tetrachloroethene(2) 13000 1 80E-03 5 10E-02 6 63Ei-02 5 16E-01 1 51 6 
m m c (  1) 37 150Ei-01 175E+00 5 55Ei-02 432E-01 2 94 7 
cadrmum (1) 10 5 6 3OE+OO n/a 662Ei-01 5 15E-02 3 99 9 
tnchloroethene(2) 120 5 953-03 110E-02 132E+OO 103E-03 4 100 0 
bis(2ethylhe1ql)phthalate( 1) 12 n/a 1 40E-02 1 68E-01 1 31E-04 5 100 0 
1,2d1chloroethme (1) 0 12 9 10E-02 9 10E-02 109E-02 849E-06 6 100 0 
N-mtrodphenylamme( 1) 0 37 n/a 4 90E-03 1 81E-03 141E-06 7 100 0 
methylene chlonde (1) 0 037 160E-03 7 50E-03 2 78E-04 2 16E-07 8 100 0 
Total nsk factor 129Ei-03 

sources 
(1) Ins 
(2) Heast 1991 

Toxlcity factors are ~fl wts of mgkgday (RFDs) and l/(m@gday) (slope factors) 
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ROCKY FLATS OU-2 
CONCENTRATION/TOXICITY SCREEN 

SUBSURFACE SOIL 
RADIONUCLIDES 

TABLE4-7 

Maxlmum Inhalahon oral Rlsk Rlsk Cumulahve 
Chermcal Value (pCdg) Slope Factor Slope Factor Factor Index Rank Percent 

PlUtONUm-239/240( 1) 68 3 80E-08 23OE-10 258E-06 468E-01 2 95 8 
~ a 1 ~ ~ m - 2 3 8  (1) 113 2 40E-08 16OE-11 271E-06 491E-01 1 49 1 

mencium-24 1( 1) 7 3 20E-08 240E-10 230E-07 4 17E-02 3 100 0 
tnhum (1) @Ctn) 1500 7 8OE-14 54OE-14 117E-10 2 12E-05 4 100 0 
ce~i~m-137(1) 2 4  1 90E-11 28OE-11 672E-11 122E-05 5 100 0 
Total Rlsk Factor 5 53E-06 

Sources 
(1) Heast 1992 

Slope factors are in mts of UpCi 

(40342634049-540) (RiT4-7 XLS) (WZY93 8 19 PM) 

A a*- 
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TABLE 4-8 

ROCKY FLATS PLANT OU-2 
CHEMICALS OF CONCERN 

SUBSURFACE SOIL 

Organic Compounds and Metals Radionuclides 

tetrachloroethene americium 241 

arsenic plutonium 2391240 

cadmlum uranium-238 

R SPECIAL CASE 
CHEMICALS OF CONCERN 

Compound Location 

uranium-233,234 Trenches T-3 and T-4 

uranium-235 Trenches T-3 and T-4 

8 Sheet 1 of 1 
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TABLE 4-9 

DETECTED COMPOUNDS WITaOuT EPA 
TOXICITY FACTORS 
SUBSURFACE SOIL 

2-methylnaphthalene 

4-methylphenol 

benzo(ghi)perylene 

“ I  1 
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5.1 DATA EVALUATION 

‘ I  
‘ I  

SURFACE SOIL CHEMICALS OF CONCERN 

Chermcals of concern m surface sod were selected usmg the data set identlfied m Table 2-2 
This mcludes surface sod samples collected m 1991 (radionuchdes) and m 1993 Surface sod 
samples were analyzed for semvolatdes, pesticides, metals, and radonuchdes Samphg 
locations are shown m Figures 5-1 and Figure 5-2 

The occurrences of benzoic acid, polycychc aromatic hydrocarbons (PAHs), and bn(2- 
ethylhexy1)phthalate detected m surface sod samples were evaluated to judge whether or not 
thelr presence 1s hkely to be due to waste releases m OU-2 T ~ I S  evaluation IS described below 

a Benzoic Acid 

Benzoic acid was detected m 88 percent of the surface sod samples obtamed w i b  
OU-2 Benzoic acid concentrations were aU estunated below the detection h t  of 
1,600 pg/kg Benzoic acid results range from about 40 to 700 pg/kg (most fell between 
100 and 300 pg/kg) and are evenly distributed across OU-2 with no relationship to 
source areas In addition, benzoic acid was also detected m 58 percent of the 
background data wthm the range of 40 to 230 pg/kg The range of concentrations of 
benzoic acid m OU-2 IS smdar to the range of background concentrations The 

method Therefore, benzoic acid 1s not considered as a waste-related contamlnant m 
ou-2  

1 

1 

i 

reported results m background and OU-2 samples may be an amfact of the analytical i 
I 
1 

Pyrene, fluoranthene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(a)anthracene, 
chrysene, and phenanthrene were detected m 17 to 46 percent of 52 surface sod samples 
obtamed w i t h  OU-2 These semivolatdes are typical products of hydrocarbon 
combustion and are associated wth vehicle emmsions and b u m g  of coal, wood, 
charcoal, and petroleum-based fuels PAHs were detected m surface sod samples 
collected around the Pallet Bum Site (IHSS 154) and the Reactive Metal Destruction 
Site (IHSS 140) at estunated concentrations rangng from 38 to 390 &kg The 

I 

I 

I 

I 
5- 1 

1 



concentrations of PAHs at these locations are slmdar to other PAH concentrations 
observed across OU-2, whch ranged from approxunately 47 to 390 - pg/kg Because the 
PAHs appear to result from vehcle ermssions and wood or fuel combustion rather than 
chemical releases m OU-2 and because concentrations are consistently low, PAHs found 
m surface sods are not considered to be waste-related contammants m OU-2 

e Bis(2-ethvlhe&)gbthal ate 

Bls(2-ethylhexy1)phthalate was detected m 11 of 52 (21 percent) surface sod samples 
widely dlstributed across OU-2, mcludmg locabons dlstant from source areas 
Concentrations m most samples ranged from 49 to 110 pg/kg (detection h i t  = 330 
pg/kg), and one sample had a concentration of 510 pg/kg In background samples, 
bls(2-ethylhexy1)phthalate was detected m 22 percent of the samples m concentrabons 
rangmg from 35 to 140 pg/kg Smce the dlstribution of OU-2 results and background 
results are smdar, it is concluded that b1~(2-ethylhexyl)phthalate m OU-2 samples IS not 
related to waste releases, and it IS not considered an OU-2 contammant 

5.2 BACKGROUND COMPARISON FOR INORGANIC COMPOUNDS 

Tables 5-1 and 5-2 summarEe the results of comparmg concentrations of metals and 
radionuchdes m OU-2 surface sod samples to background levels Background surface sod data 
consist of analytical results from samples collected at 18 locations m the Rock Creek area Nme 
of the sites were sampled m February 1992 and the remalnurg m e  sites were sampled m March 
1993 All background samples were collected using the "F2F.P" method, a composite method m 
which the top 2 mches of sod are collected The OU-2 samples were collected durmg three 
samphg events Samples analyzed for uranium were collected durmg Summer 1991 by the 
"CDH" method, a method m which the top 1/4" of sod 1s collected Samples analyzed for 
plutomum and americium were collected m Fall 1991 usmg the RFP method Addltional 
samples for other radionuchdes and metals were collected by the RFP method m March 1993 
Metals and radionuchdes that did not exceed background levels were elunmated from further 
consideration as potential chermcals of concern The background comparmn process IS 

described m Appendn A 

5.2.1 Metals 

Most metals do not exceed background usmg both statlstical tests (UTL and ANOVA, see Table 
5-1), and these are not considered further However, berylhum, cadmium, selemum, th&um, 



and tm appear to exceed background by the ANOVA test Nevertheless, these metals are not 
considered to be OU-2 contammants m surface sods for the reasons outhed below Chromium 
is considered a "special case" chemical of concern, as discussed below 

Berylhum, Beryhum was detected m 1 of 40 samples (3 percent detection frequency) at a 
concentration of 1 3 mg/kg, which 1s below the background maxllllum of 2 5 mg/kg, and below 
the background UTL of 3 56 mg/kg Therefore, beryhum is not considered a contammant of 
concern m surface sods m OU-2 

Cadmium Cadmium was detected m 5 of 40 samples None of the cadmium results exceeded 
the background UTL, and the maxmum cadmium concentration detected m OU-2 samples 
(2 2 mg/kg) 1s below the background m m u m  (2 5 mg/kg) 

Selenium Selemum was detected m 3 of 40 samples Only one selenmm result (0 9 mg/kg) 
exceeded the background UTL of 0 8  mg/kg, and the maxmum detected concentrahon 
(0 9 mg/kg) 1s less than the background maxllllum (1 0 mg/kg) Therefore, selenium is not 
considered a contammant m OU-2 surface sod 

"hahum Thahum is not considered an OU-2 contammant because it was detected m only 1 
of 40 samples (3 percent detechon frequency) at a concentration of 0 5 mg/kg, which 1s below 
the background UTL of 1 1 mg/kg and below the background maxllllum of 1 mg/kg 

Tm was detected m 16 of 40 samples In one of the 16 samples it was detected at a 
concentration of 93 mg/kg, which 1s above the background UTL of 56 mg/kg This sample was 
collected near Indiana Street Therefore, tm 1s not considered a contammant m OU-2 because 
the only sample result that exceeded the background UTL was detected at a location unrelated 
to source areas 

Chromium Chromum was detected m two samples at concentrations above the background 
maxunum of 22 mg/kg (background UTL = 23 5 mg/kg) One sample (26 mg/kg) was collected 
from the Reactive Metal Destruction Site ("Lthium Bum Pit"), and the other (29 5 mg/kg) was 
collected- west (upgradient) of the chromium spray fields Because only two sample results 
exceeded background range, chromium contammation is not characterutic of surface sods m 
OU-2 However, chromium 1s considered a "special case" chermcal of concern for separate 
evaluation m the nsk assessment because of the shghtly elevated concentrauons m two samples 
potentially related to source areas All other samphg locations had chromum concentrations 
withm background range, and most of the chromium detected m the two samples dscussed 



above IS also Uely due to background concentrations m sod (I e ,  only the fraction exceedmg 
background levels would be due to waste releases) 

The chromium detected m the samples is largely chromium I11 T ~ I S  is the predommant form 
of chromium m the envuonment Special analyses for chromium VI (a more oxldrzed form that 
is carcmogenic) were performed on samples collected near the chromum spray fields Twelve 
samples were analyzed for chromium VI The results ranged from 0 9 mg/kg to 1 2  mg/kg, or 
appromately 5 percent of the total chromum measured m the samples, regardless of samphg 
location The low percentage of chromum VI compared to chromum 111 IS to be expected m 
naturally occurrmg chromium compounds or m chrome-bearmg mdustrial wastes exposed to the 
envuonment, where natural processes result rn reduction of chromum VI to chromum I11 

In conclusion, metals other than chromium are not considered contammants m surface sods m 
ou-2  

5.2.2 Radionuclides 

The radionuchdes cesium 137, radium 228, and strontium 89,90 do not exceed background, 
based on results of both statotical tests (Table 5-2) The radionuchdes americium-241 and 
plutonium-239 are considered OU-2 contammants The uranium lsotopes (233/234, 238, and 
239) are considered further as possible OU-2 contammants based on spatial evaluation of the 
data, as described below Radium 226 is not considered an OU-2 contammant (see below) 

Radium 22 6 Radium 226 was detected m all 24 surface sod samples analyzed for radionuchdes, 
but only one sample had a concentration (11 8 mg/kg) that exceeded the background UTL of 
13 mg/kg Thls sample was collected m plot 8180 near Indiana Street, distant from OU-2 
source areas Because the elevated concentration was found m only one sample dlstant from 
OU-2 source areas, radium 226 is not considered an OU-2 contammant 

Uranium i sotopes, The uramum lsotopes appear to exceed background levels by the UTL 
comparlson (over 20 percent of the data exceeded background UTLs), but population 
differences between OU-2 data and background wete not signdcant by the ANOVA test 
(p e 005) Spatial evaluation shows that elevated concentrations of the analytes uranium- 
233/234,235,238, and 233/238/239 occur rn an area east of the 903 Pad These are considered 
OU-2 contammants and retamed for further evaluation as potential chemcals of concern m a 
concentrationltomcity screen 
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5.3 FREQUENCY OF DEI'ECTION 

Of the organic analytes, benzoic acid, bs(2-ethylhexyl)phthalate, and the PAHs 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, fluoranthene, 
phenanthrene, and pyrene were detected m surface sods at a frequency of 5 percent or greater 
These compounds are luted m Table 5-3 None of these compounds are llkely to be related to 
waste sources m OU-2, as described m Section 5 1, and they are not considered to be OU-2 
contammants 

Compounds detected m surface sods at less than 5 percent frequency are hted m Table 5-4 
These mclude benzo(giu)perylene, benzo(k)fluoranthene, mdeno( 1,2,3-cd) pyrene, PCBs, DDT, 
and delta-BHC The potential for exposure to mfrequently detected compounds IS low 
Nevertheless, concentrahons of these compounds were further evaluated m a rsk-based screen 
as described m Section 5 5 

5.4 CONCENTRATION/TOXICITY SCREENS 

No site-related organic compounds or metals were identdied m surface sods with the exception 
of the mfrequently detected organic compounds that are evaluated m Section 5 5 and chromium 
(a "specml case" chemical of concern) Therefore, a concentration/toncity screen was 
performed only for radionuchdes of potential concern The concentrahon/tomcity screen 
process was explamed m Section 2 4 Results of the screen for radionuchdes m surface sod are 
shown m Table 5-5 Plutonium-239/240 contributes over 98 percent of the total rsk  factor 
Americium-241 contributes approxunately 1 percent of the total rsk factor The uranium 
sotopes contribute msignlficantly to the total rsk  factor and are ehmated as chemicals of 
concern m surface sods Table 5-6 summar- the chemicals of concern m surface sods. All 
chemicals that comprM approxunately 99 percent of the total rsk factor are idenMied as 
chemicals of concern to be evaluated 111 the rsk assessment 

5.5 EVALUATION OF INFREQUENTLY D E I " E D  COMPOUNDS 

Compounds detected at less than 5 percent frequency may be elunmated from further 
consideration because they are not characterstic of contammation and because the potential 
for exposure is low However, these compounds were further screened so as not to neglect 
mfrequently detected compounds that could contribute sigdicantly to rsk If exposure were to 
occur In this screen, m m u m  concentrations of mfrequently detected compounds (4,4-DDT, 
benzo(k)fluoranthene, mdeno( 1,2,3-cd)pyrene, and P a s )  were compared to rsk-based 

I 



8 
I 
I screenmg values usmg the approach outhed m Secbon 2 5 and described m greater detad m 

Appendlx B Complete results of the evaluation are shown m Tables B-7 and B-8 The 
mfrequently detected compounds m surface sods were not present at concentrations greater 
than the screenmg values, and therefore, they do not warrant mclusion m the rmk assessment 
Benzo(ghi)perylene and delta-BHC are not mcluded m the risk-based screen because the EPA 
has not estabhhed tomcity factors for these compounds 

5.6 SUMMARY OF CHEMICALS OF CONCERN IN SURFACE SOIL 

Chemicals of concern m surface sods m OU-2 are plutonium-239/249 and americium-241 
Chronuum, detected m shghtly elevated concentrations m two samples near source areas, 1s 

retamed as a special-case chemical of potential concern for separate evaluation m the rtsk 
assessment 
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TABLE 5-3 

ROCKY FLATS PLANT OU-2 
ORGANIC COMPOUNDS DE"ECTED AT 

5% OR GREATER FREQUENCY 
SURFACE SOIL 

MaxlmUln D m o n  
Concentration Frequency 

(mg/kg) % 

Benzo(a)anthracene 0 1 6 0  17 

Benzo(a)pyrene 0 160 17 

Benzo(b)fluoranthene 0 24 17 

Benzoic Acid 0 7  88 

Bis(2-ethylhexyl) phthalate 

Chrysene 

Fluoranthene 

Phenanthrene 

Pyrene 

0 51 

0 2  
0 39 

0 23 

0 35 

21 

23 

38 

25 

46 
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TABLE 54 

ROCKY FLATS PLANT OU-2 
ORGANIC COMPOUNDS DEIECTED AT 

UESS THAN 5% FREQUENCY 
SURFACE SOIL 

MaXlmUm 
Concentration 

Detection 
Frequency 

mgm 96 

Benzo(g,h,i)perylene 0 061 4 

Benzo(k)fluoranthene 0 076 4 

Di-n-butyl phthalate 10 2 

Indeno( 1,2,3-cd) perylene 0 83 4 

4,4'-DDT 0 026 2 

Aroclor-1254 0 97 4 

Aroclor-1260 066 4 

delta-BHC 0 023 2 
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TABLE5-5 

ROCKY FLATS OU-2 
CONCENTRATION/TOXICITY SCREEN 

SURFACE SOIL 
RADIONUCLIDES 

-mum Inhalabon Oral Rlsk Rlsk Cumulabve 
Chermcal Value (pCdg) Slope Factor Slope Factor Factor Index Rank Percent 
pluto~~~~m-23 9/240( 1) 7300 380E-08 23OE-10 277E-04 986E-01 1 98 6 
amenaum-24 1( 1) 110 320E-08 24OE-10 3 52E-06 125E-02 2 99 8 
~ra1~~-233/238/239 (1) 7 74 270E-08 16OE-11 209E-07 743E-04 3 99 9 
~ ~ ~ ~ ~ r n - 2 3 8  (1) 7 26 240E-08 16OE-11 174E-07 6 19E-04 4 100 0 
m u m -  233/234 (1) 3 58 270E-08 16OE-11 967E-08 343E-04 5 100 0 
urantum-23 5 (1) 0 68 250E-08 160E-11 170E-08 604E-05 6 100 0 

Sources 
(1) Heast 1992 
Slope factors are in uruts of l/pCi 

Total fisk Factor 2 81E-04 
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TABLE 5-6 

CHEMICALS OF CONCERN 
SURFACE SOIL 

ROCKY FLATS PLANT OU-2 

PlutoNum-23 9/240 
Americium-24 1 

SPECIAL CASE 
CHEMICAL OF CONCERN 

Chromum 
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EXPLANATION 

10-ACRE SAMPLING PLOT LOCATION 

25-ACRE SAMPLING PLOT LOCATION 

10-ACRE PLOT lJOT SAMPLED 

25-ACRE PLOT NOT SAMPLED 

SURFACE WATER SAMPLING LOCATION 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

I OPERABLE UNIT NO2 
CHEMICALS OF CONCERN 

TECHNICAL MEMORANDUM NO 9 

1991 RADIONUCLIDE SURFlClAL 
SOIL SAMPLING PLOT LOCATIONS 

FIGURE 5-1 AUGUST 1993 
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APPENDIX A 
BACKGROUND COMPARISON 

FOR MEl'ALS A h  RADIONUCLIDES 

' I  1 

Concentrations of metals and radionuchdes detected m subsurface sod and groundwater m 
OU-2 were compared to background concentrations reported m the Fmal Background 
Geochermcal Characternation Report, Rocky Flats Plant (EG&G September 1992) to help 
btmgulsh morgamc compounds that are naturally-occurrmg withm background range from 
compounds that occur m elevated concentrations due to chemical releases rn OU-2 OU-2 
surface sod data were compared to background levels determmed from data collected m the 
Rock Creek area m 1991 and 1993 The procedures apphed m the background comparISon are 
shown m the flow chart m Figure A-1 Each step IS briefly described below 

Step 1 - Categorue OU-2 Samples and Background Data 

Background data and OU-2 samples were classdied by lltholopc unit (for groundwater) and by 
surface vs subsurface sod Data from OU-2 subsurface sod samples collected above water table 
were used to compare to background to avoid the potential for cross-contammahon from 
groundwater 

Step 2 - Comparison to Background Tolerance h i t s  

Analyhcal results for each detected morgamc analyte were compared to the 95% upper 
tolerance h i t  (UTL) of the background results If 5% or more of the data exceeded the UTL, 
the compound was retamed for further evaluahon If less than 5% of the data exceeded the 
UTL, the compound was considered to be withm background range, although further analysu 
by ANOVA may be performed Tolerance huts define a range that contams at least P% of 
a population with a probabhty (p) (level of confidence) A probabhty IS associated wth the 
tolerance h t s  smce they are estlmated from the data set and, therefore, have some level of 
uncertamty associated with them For the tolerance h i t  to be useful m decmon m h g ,  both 
"p" and "p" are chosen to be large, m t b  case p = 0 95 and P = 95% A one-sided tolerance h t  
IS appropriate for analytes for which an mcrease over background may be mcficative of potential 
contamation If less than 5% of the non-background results for a pven analyte exceeded the 
upper 95% tolerance h u t  (UTL) of the background results, then the non-background and 
background populations were considered to be s d a r  Consequently, these analytes can be 
deleted from the h t  of potential contammants based on background comparison If 5% or 

I 

h i  s 



more of the non-background results exceed the background UTL, Step 3 is performed The 
comparlson to UTL was performed usmg one-half the detection h i t  - as the concentration m 
samples m which the compound was reported as non-detect 

Step 3 - Percentage of Non-Detections 

If there are more than 50% non-detections m the grouped background and non-background 
observations, the Wllcoxon Rank Sum test or the Kruskal-Wahs test is an appropriate analysis 
The Kruskal-Walls test IS an extension of the Wllcoxon Rank Sum test to more than one 
population 

Step 4 - Wllcoxon Sum Rank Test 

The Wllcoxon Rank Sum test or the Kruskal-Walh test may be used If there are more than 
50% non-detections in the grouped background and non-background data In the background 
comparlson performed for t h  technical memorandum, data were evaluated usmg either the 
nonparametric ANOVA (Kruskal-Walls) or the parametric ANOVA (Steps 5 through 8) 
ANOVA requlres at least three observations from the non-background area 

Step 5 - Distribution of Data 

Were the data normally dlstributed? In usmg ANOVA it 1s necessary to identlfy sample 
dlstributions (Step 5) and equahty of variances (Step 6) to determme whether non-parametm 
(Step 7 )  or parametric (Step 8) ANOVA methods should be used Nondetections were 
mcluded usmg a value equal to one-half of the detection h u t  

Normahty of the data was evaluated by exammmg the results of the Shapuo-Wdks test or the 
Ldhefors variation on the Kolmogov-Smmoff test If the data were normally distributed, Step 6 
was performed next If the data were not normally distributed, it was deterrmned If the degree 
of non-normahty was sufficient to mvahdate the parametric ANOVA test If the data 
transformations could not achieve normahty, then non-parametric statlstical methods (Step 7) 
were used for evduatmg the data Variance 1s a measure of dispersion of a set of observations 
around the mean of a random variable If the variances of the background and non-background 
populations are equal, and the data are normally dstnbuted (Step 5), then parametric one-way 
ANOVA tests are used 
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Step 6 - Equahty of Variance 

- 
Are the variances of the background and the non-background data equal? (Thls step only 
apphes to normally distributed data ) 

Step 7 - Non-parametric Test 

If data are not normally dlstributed or the variances are not equal, the Kruskal-W& non- 
parametric ANOVA IS used The non-parametric ANOVA evaluates ddferences m the mean 
ranlungs of the data (rather than the raw data or transformations of the raw data) 

Step 8 - Parametric Test 

If both the background and non-background data are normally dutributed and the variances are 
equal, then a parametric ANOVA test 1s used 

The tables on the followmg pages present the results of the background comparlsons for metals 
and radionuchdes m groundwater, subsurface sod, and surface sod Explanatory notes precede 
the tables 

Table A-1 95% UTL Comparison Dissolved Metals m Groundwater 
Table A-2 95% UTL Comparison Total Metals m Groundwater (No 1 Sandstone only) 
Table A-3 95% UTL Comparmn Total Radionuchdes m Groundwater (No 1 Sandstone) 
Table A-4 95% UTL Comparison Dlssolved Radionuchdes m Groundwater (UHSU) 
Table A-5 95% UTL Comparison Metals m Subsurface Sod 

Table A-6 95% UTL Comparison Radionuchdes m Subsurface Sod 
Table A-7 95% UTL Comparison Metals m Surface Sod 
Table A-8 95% UTL Comparison Radionuchdes m Surface Sod 
Table A-9 ANOVA Comparlson Total Metals m Groundwater (No 1 Sandstone) 
Table A-10 ANOVA Companson Drssolved Metals m Groundwater (UHSU) 
Table A-1 1 ANOVA Comparison Total Radionuchdes m Groundwater (No 1 Sandstone) 
Table A- 12 Background Comparlson Dlssolved Radionuchdes m Groundwater 
Table A-13 Background Comparison Metals m Subsurface Sod 
Table A- 14 Background Comparlson Radlonuchdes m Subsurface Sod 
Table A-15 Background Comparmn Metals m Surface Sod 
Table A-16 Background Comparison Radionuchdes m Surface Sod 
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EXPLANATORY NOTES 
95% UTL COMPARISON AND ANOVA TABLES 

ROCKY FLATS OU-2 
- 

Groundwa ter Background compatrsons for metals and radonuchdes m groundwater were done 
two ways (1) No 1 Sandstone separately and (2) an aggregate of the No 1 Sandstone, Rocky 
Flats alluvium, colluvium, and valley fill alluwum (Upper Hydrostratigraphc Unit or UHSU) 
The No 1 Sandstone is the only hthologc unit that mght possibly support a water supply well 
Yields ~tl other umts are seasonal and so low that supply of water would be depleted w i t h  days 
under a typical domeshc pumpmg scenario Therefore, the No 1 Sandstone 1s the appropnate 
hthologw umt to evaluate m selectmg chermcais of concern for a hypothehcal on-site residentd 
groundwater exposure scenario (Total metals and rachonuchdes were mcluded m t b  scenario ) 
Combmed data from UHSU were used to idenhfy metals and radionuchdes for further 
consideration m selectmg chemicals of concern for fate and transport modehg (Dlssohred 
metals and radonuchdes were mcluded m t b  scenario ) 

I 

Subsurface Sod OU-2 subsurface sod data used m the background comparmn were from 
borehole samples collected above the water table Sod samples collected below water table were 
not mduded m the comparmn because of the potential for crossantammation from 
groundwater In thu way, data from subsurface sod samples are mdependent of groundwater 
contammants 

Surface Sod OU-2 surface sod data used m the comparmon to background mcluded all data 
submitted to Woodward-Clyde by June 6, 1993 

-bound UTLs OU-2 data were compared to the 95% UTL of the 
background data If no more than 5 percent of OU-2 results for a pven analyte exceeded the 
95th percent UTL of the background data, the analyte can be considered to be wthm 
background range Additional evaluation by ANOVA may be performed 

ANOVA Comoarwn Tables "Consider Further "% The last column of each ANOVA 
ComparBon Table contams a yes (Y) or no (N) to rhchcate whether the metal or radonuchde 
wdl be considered further m selection of contammants of concern A "yes" means that the metal 
or radionuchde appeared to exceed background levels based on the ANOVA analym (or that 
there were no site-specfic background data avadable for comparison) OU-2 data were also 

evaluated by comparmg to the 95% UTL of the background data (see above) Fmal selechon 



of chemicals of concern was made followmg further evaluation of the data (e g , frequency of 
detection, concentration/tomcity screens, and spatial distribution) - 

Use of Non -detect Values m Calculations For metals, the UTL and ANOVA tests were 
performed usmg one-half the detection h i t  as the concentration m samples m which the 
analyte was not detected For radionuchdes, zero values and negative results were not mcluded 
m the calculation 
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TABLE A-1 

ROCKY FLATS PLANT OU-2 
%?'o UTL COMPARISON 

TOTAL METALS IN GROUNDWATER, pg&- 
NO. 1 SANDSTONE 

ou-2 Detected Bknd Background % of ou-2 data 

Analvte Mm Max DF % Max 95% uTL(1) > 95% UTL (2) 
Alumlnum 
Antmony 
ArselUC 
BalUllll 
BelylllUm 
cadrmum 
cesium 
ChrOIlUUm 
cobalt 

Copper 
cyarude 
Lead 
Lithlum 

Mangamse 
Mercury 
Molybdenum 
Nickel 
Selemum 
Silver 
Stronuum 
Thallium 
TlIl 
V d u m  
Zinc 

870 
10 
1 

99 
1 
1 

30 
4 
3 
4 
1 
1 
4 
9 
03 
3 
4 
1 
2 

262 
1 
14 
7 
14 

128,000 
297 
11 

3,090 
19 
11 
80 
209 
99 
206 
27 
171 
84 

4,920 
0 8  
26 
188 
6 
4 

1,370 
3 
87 
345 
839 

100 
20 
77 
100 
63 
36 
9 

75 
68 
83 
44 
99 
93 
100 
15 
49 
85 
50 
13 
99 
15 
21 
100 
98 

7,000 6,262 82 
1,610 

7 
1,810 
160 

1,720 
500 

1,590 
1,620 
1,750 

8 
15 
100 
710 
0 1  

1,600 
1,660 
80 
300 

1,110 
2 

100 
1,670 

933 
7 

1,050 
89 
95 1 
800 
88 1 
905 
972 
6 
10 
89 
438 
0 2  
915 
925 
49 
163 
921 
8 

168 
929 

0 
6 
12 
0 
0 
0 
0 
0 
0 
16 
65 
0 
40 
15 
0 
0 
0 
0 
6 
0 
0 
0 

1.800 1-023 0 
- 7  -. -- 

(1) Background Geochermcal Charactemon Report, Rocky Flats Plant, EGBtG, 1992 
(2) UTL cornpanson is performed usmg one-half the demon k t  for results reported as 

non-detect Therefore, the m8xlrnum detected value in OU-2 can be below the 95% UTL 
of background even thougb the UTL cornpanson shows that a cemn percentage 0fOU-2 
data (1 e , one-half the report~ng lirmts for nondetects) exceeds the 95% UTL of background 

DF = Detmon frequency 
ND = Not detected 
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8 
E TABLE A-2 

ROCKY FLATS PLANT OU-2 - 
95% UTL COMPARISON 

TOTAL RADIONUCLIDES IN GROUNDWATER, pCdL 
NO lSANDSTONE 

ou-2 mected Bknd Bknd 95% % dOU-2 d@ 
Analyte Mln Max DF Max UTr.4 (1) >95% UTL 
Amenaw-24 1 0 001 109 86/93 0 08 0044 12 
b I m - 1 3 7  0 04 166 49/49 0 89 0 83 14 
Plutonlm-239/240 0 0005 5 02 100/102 0 009 0 007 64 

Stronum-89/90(2) 0 39 0 39 1/4 0 17 044 0 

Tnuum ND 0112 1350 2786 0 
Uralu~m-233/234 3 7  8 2  414 17 5 24 0 
U w ~ m - 2 3 5  006 0 28 414 0 75 105 0 

u 1 ~ ~ ~ m - 2 3 8  2 6 4  4/4 10 6 2 5  0 

- 

(1) Background Geochemcal Charactenzauon Report, Rocky Flats Plant, EG&G 1992 
(2) Only 3 background data pomts and 4 OU-2 data potnts (3 of the 4 are ND) 

DF = Detectlon fresutncy (no d e W n o  samples) 
ND = not detected 
- Nodata 
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TABLE A-3 
R O C W  FLATS PLANT OU-2 

95.h UTL COMPARISON 
DISSOLVED METALS IN GROUNDWATER, pg/L 

USHU 

ou-2 Detected Bknd Background % of ou-2 data 

Analyte Mln Max DF % Max 95% m( 1) >95% UTL (2) 
Almnum 
Anbmony 
ArseIllC 
BmlUIl 
BeXylllUm 
cadmium 
&Slum 

chrormum 
Cobalt 

Copper 
Lead 
Llthlum 

Manganese 

M e w  
Molybdenum 
Nickel 
Selenrum 
Silver 
Strontmm 
Thalllum 
Tin 
VanU.llUm 
Zinc 

20 
8 
1 

23 
1 
1 

30 
3 
3 
1 
1 
2 
1 

0 21 
2 
2 
1 
2 

240 
1 

12 
3 
1 

367 
88 
8 

675 
3 
98 
120 
23 
13 
19 
10 

127 
3940 
0 32 
67 

1210 
168 
25 

3040 
2 
89 
12 

759 

74 
17 
11 

100 
4 
11 
20 
24 
6 
25 
6 
79 
73 
3 

45 
31 
36 
9 
99 
6 
10 
69 
67 

8610 
60 
15 

203 
5 
9 

2500 
23 
50 

25 
64 

28 1 
934 
1 2  
114 
40 

607 
13600 

8730 

328 
8830 
57 
137 

1318 
46 

7 
169 
3 
5 

1177 
14 
28 
17 
13 
149 
2 16 
0 38 
61 
25 

290 
2133 
2148 

4 
1367 
28 
51 

0 
9 
1 

40 
0 
2 
0 

6 
0 

2 
0 

0 

23 
0 
1 
6 
0 
0 
2 
0 
0 
0 

3 

(1) Background Geochermcal Charactenzauon Report, Rocky Flats Plant, EG&G 1992 
(2) UTL cornpanson is performed using one-half the W o n  limt for results rcported as nondetect 

Therefore, the maxunum detected value in OU-2 can be below the 95% UTL of background even 
though the UTL cornpanson shows that a certa~n percentage of OU-2 data (I e ,  one-half the 
repomng lirmts for nondctccts) exceeds the 95% UTL of background 

DF = Det-on frequency 
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TABLE A 4  

95% UTL COMPARISON 
DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCdL 

UHSU 

ROCKY n A T S  PLANT OU-2 - 

% OU2 data 
Analyte Mln Max DF Max TJTL (1) > 95%uTL 
Amenaum-24 1 0 001 21 3 10110 0 28 0 10 30 
blum- 137 0 25 0 53 2/11 - NE * 
Plutonlum-2391240 0 0003 0 81 10110 0 ll(2) NE * 
W U ~ - 2 2 6  0 12 2 8  52/53 3 0  184  2 
Stront~um-89/90 0 009 2 1  1651184 1 5  0 82 7 
Tlltlum 0 %  1753 1811181 56 1 334 8 
urantu~m-23 31234 0 18 4262 2301230 199 5 53 0 
Urantu~m-235 0 02 1 5  1791197 4 8  1 7  0 
Unu~~m-238 0 17 76 2241224 135 6 37 1 

ou-2 Detected Bknd Bknd 95% 

(1) Background Geochemcal ChactenzatIon Report, Rocky Flats Plant, EG&G 1992 
(2) One data point 

DF = D e m o n  frequency (no detectdno samples) 
NE = not evaluated Data m d a e n t  to calculate 95% UTL 

Cornpartson cannot be made 
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TABLE A-5 
ROCKY FLATS PLANT OU-2 

95% UTL COMPARISON 
METALS IN SUBSURFACE SOIL, mg/kg - 

ou-2 Detected Bknd Backmund % ofOU-2data 
Analyte Mln Max DF % Max 95% UTL(1) > 95% UTL (2) 
Almnum 
humony 

BaIUlUl 

Beryllium 
cadrmum 
CeSlUm 

chromum 
Cobalt 

Copper 
Lead 
Llthlum 
Manganese 

M e w  
Molybdenum 
Nickel 
Selemum 
Stlver 
Strontmm 
Thallium 
Tin 
VWdIUm 

e N C  

1,190 
4 
1 
10 
0 3  
1 
1 
2 
1 
3 
1 
1 
4 

006 

1 
4 

0 4  
1 
4 

0 2  
22 
4 

Zinc 4 

27,900 
24 
37 
589 
23 
10 
5 

127 
78 
132 
86 
25 

1,610 
114 
19 
63 
2 
96 
246 

1 
53 
53 
437 

100 
4 
94 
83 
47 
45 
91 
98 

55 
84 

99 
91 
100 
20 
33 
79 
7 
13 
82 
12 
24 
97 
98 

102,000 
16 
42 
777 
24 
2 

274 
176 
30 
123 
40 
83 

3,330 
6 

68 
193 
14 
41 
242 
10 

44 1 
283 
486 

31,979 
12 
12 

270 
13 
1 

208 
61 
15 
35 
27 
24 
822 

1 
31 
57 
4 5  
22 5 
127 
3 

268 
80 
13 1 

0 
5 

11 
2 

0 4  
36 
7 
1 
2 
1 
1 
1 
1 
1 
7 

0 4  
0 
1 
5 
0 
0 
0 
2 

(1) Background Geochemcal Charactenzatmn Report, Rocky Flats Plant, EG&G 1992 
(2) UTL Cornpanson is performed using one-half the d e m o n  l m t  for results reported as nondetect 

Therefore, the maxtmum detected value rn OU-2 can be below the 95% UTL of background even 
though the UTL cornpanson shows that a certlun percentage of OU-2 data (1 e ,  one-half the 
repomng limts for nondetccts) exceeds the 95% UTL of background 

DF = Detecbon fiquency 

Sheet 1 of 1 
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TABLE A-6 

ROCKY FLATS PLANT OU-2 
95% UTL COMPARISON - 

RADIONUCLIDES IN SUBSURFACE SOIL, pCdg 

ou-2 Detected Bknd Bknd 95% % of 0u-2 data 
Analyte Mtn Max DF% Max UTL(1) UTL 
Americium-24 1 0 o009 7 2  83 0 01 0 01 77 
Cesl~m-137 0 005 2 4  66 0 2  0 3  33 
PlutonlUm-239/240 0006 68 78 0 03 0 02 54 
M U - 2 2 6  0 32 1 9  90 1 3  1 3  3 
W U ~ - 2 2 8  0 52 2 6  100 2 2  2 0  9 
Strontium-89/90 0 002 0 8  73 1 2  0 9  0 
Strontr um-90 0 01 0 9  100 (2) 
Tnmm @CI/L) 9 63 1500 74 440 366 7 
U1~11~m-233/234 004 192 100 8 9  2 5  1 
u1~11~rn-23 5 0 11 5 88 0 3  0 2  1 7  
u1~11~m-238 0 09 113 100 3 2  1 5  2 6  

(1) Background Geochenucal Charactenmon Report, Rocky Flats Plant, EG&G, 1992 
(2) None of the Strontnun-90 data points exceeds the 95% UTL ooncentrabon for Stront1um-89/90 

- - 

DF = D m o n  frequency 
NE = not evaluated Data insufticient to calculate 95% UTL 
- Nodata 
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TABLE A-7 

ROCKY FLATS PLANT OU-2 
95% UTL COMPARISON - 

METALS IN SURFACE SOIL, mg/kg 

OU-2 Detected Bknd Bknd 95% Yo ofou-2 data 
Analyte Mn Max DF% Max IJl-L (1) >95% uTL(2) 
Alumlnum 
Anbmony 
ArsetuC 
Barium 
Beryllium 
cadrmum 
CeSlUm 

chromlum 
cobalt 

copper 
Lead 
Llthlum 
Manganese 

Mercury 
Molybdenum 
Nickel 
Seleruum 
Silver 
Stronttum 
Thallium 
Tin 
V d u m  
Zinc 

6,170 
ND 
1 5  

71 7 
* 

1 3  
ND 
8 5  
4 3  
5 

14 7 
4 5  
192 
ND 
* 

6 1  
0 47 
ND 
15 
* 

24 
17 5 

33 8 

17,900 
ND 
6 1  
190 
1 3  
2 2  
ND 
29 5 
9 6  
16 4 
63 4 
22 9 
1,110 
ND 
53 

21 6 
0 9  
ND 
100 
0 5  
93 3 
51 1 
89 3 

100 
0 

100 
100 
3 

13 
0 

100 
100 
100 
100 
100 
100 
0 
3 

100 
8 
0 

100 
3 
40 
100 
100 

21,800 
25 
8 7  
470 
2 5  
2 5  
250 
22 
24 
24 
51 
18 

2,220 
0 1  
20 
19 
1 
5 

109 
1 

50 
47 
94 

22,514 0 
16 16 0 
10 13 0 

405 96 0 
3 56 

3 44 
198 92 
23 46 

17 10 
24 18 
53 53 

18 
1,327 28 

0 17 
27 76 
21 04 

0 8  
3 33 

81 55 

1 14 
56 74 
50 63 
92 78 

0 
0 
0 

4 8  
0 
0 

4 8  
4 8  
0 

0 
0 

2 4  
2 4  
0 

4 8  
0 

2 4  
2 4  
0 

(1) Background Geochemcal Charactenzauon Report, Rocky Flats Plant EG&G, 1992 
(2) UTL cornpanson is performed using one-half the detmon limt for results reported as nondetect 

Therefore, the miuumum detected value in OU-2 can be below the 95% UTL of background 
even though the UTL cornpanson shows that a certiun percentage of OU-2 data (1 e ,  one-half the 
reprung limlts for nondctects) exceeds the 95% UTL of background 

DF = Detectton fresuency 
ND = Not detected 
* Only detected m 1 of 40 samples Result is shown as -mum 

Sheet 1 of 1 



TABLE A-8 
ROCKY FLATS PLANT OU-2 

9SVo UTL COMPARISON 
RADIONUCLIDES IN SURFACE SOIL, pCdg 

Sheet 1 of 1 

ou-2 Detected B h d  Bknd95% % 0fOU-2data 

1 

Analyte Mln Max DF% Max UTL (1) >95% UTL 
Americium-24 1 0 01 110 100 004 0 042 95 
Cbi~m-137 0 16 1 8  96 2 5  2 62 0 

Plutomum-2391240 0 3  7,300 100 0 1  0 10 100 
Radl~m-226 0 6  11 8 100 1 1  128 12 
Rad~~m-228 1 3  35 100 2 9  3 57 0 

Strontrum-89/90 0 2  3 5  96 1 0  146 4 
u-W-23 31234 0 8  3 6  100 147 1 50 28 
Uran~um 235 0 01 0 68 100 0 15 0 09 22 
Uraruum 238 0 89 7 3  100 1 52 162 23 
U m u m  23312381239 109 7 7  100 NE NE * 

(1) Background Geochemcal Charactenzahon Report, Flats Plant, EG&G, 1992 

DF = Detmon fresuency 
NE = Not evaluated No background analysis for t h ~ s  analyte group 
* Cornpanson cannot be made 
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>5X EXCEEDING BACKGROUND 
UTL? 0 

CATEGORIZE NONBACKGROUND I OBSERVATIONS 01 

> 

YES 

WlLCOXON SUM RANK OR 
TEST OF PROPORTlONS 0 I REPLACE NDs WITH MDL/2 I 

* NRTHER ANALYSIS BY ANOVA MAY BE PERFORMED 

1 
TAKE LOGS -cI ANOVA 

KRUSKAL-WALLIS 
NONPARAMflRIC ONE-WAY 

ANOVA 0 

NO 

XES 
PARAMETRIC ONE-WAY 

U.S DEPARTMENT OF ENERGY 
Rocky Flats Plant, Goldon. Colorado 

OPERABLE UNIT NO2 
PHASE II RFI/RI REPORT 

SELECTION OF STATISTICAL METHOD 
FOR COMPARISON OF BACKGROUND 

AND NONBACKGROUND POPUUTIONS 

FIGURE A-1 J U Y  l q 3  
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APPENDIX B 
RISK-BASED EVALUATION OF INFREQUENTLY DEIECTED - CHEMICALS 

B.l PURPOSE AND APPROACH 

The chemicals of concern evaluated m a quantitatlve human health risk assessment are the 
subset of all site-related chemicals that are thought to pose the greatest potential risk to human 
health The d e t e r n a t i o n  that these chemicals may pose the greatest p o t e n d  rlsk IS generally 
based on an evaluation of the followmg three criteria 

The mherent tomcity of the chemical, 

The concentrations of the chemical found on-site, and 

0 

0 , 

0 The potential for human exposure to the chemical ( e g ,  w.,ether or not the 
chemcal 1s wdely distributed across the site or could readdy mgrate from the 
site) 

In general, compounds found at low frequency ( ~ 5 %  of all samples) are not mcluded as 
chemicals of concern because the potenbal for human exposure 1s h t e d  However, all 
infrequently detected compounds were evaluated accordmg to the procedures shown in 
Figure 2-1 so as not to ne@- mfrequently detected chemicals that could contribute significantly 
to rlsk d they were co-located with other potentially hazardous compounds at source areas or 
at locations where routme exposure could occur 

This evaluation exammes those organic chermcals that were mitially excluded from the chemicals 
of concern based on low frequency of detection, usmg a health-based screenmg approach A 
screenmg evaluation was performed for all low-frequency chemicals for which toncity values 
were avadable As a benchmark, it was assumed that any mfrequently detected chemical whose 
maxmum concentration was greater than 1000 tunes a rlsk-based concentrahon (RBC) based 
on a target hazard mdex (HI) of 1 0 or target excess cancer rlsk of lod (1 m l,OOO,OOo) warrants 
further evaluation The purpose IS to identlfy those infrequently detected chemicals that may 
pose an unacceptable health rlsk (cancer or non-cancer) d chronic exposure were to occur 
These chemicals are retamed for separate evaluation m the rlsk assessment as "special case" 
chemicals of concern Smce they are not characterlstic of contammation m OU-2, rlsk wdl be 
assessed separately at the locations where the special case chemicals are found 



I 

RBCs were calculated assummg a tesidential exposure scenario, usmg site-spechc exposure 
assumptions, and usmg standard toncity values (RfDs and SFs) estabhshed - by EPA For 
surface sods and subsurface sods, multiple pathway exposure was assumed (mgestion, dermal 
contact, and mhalation of particulates) m calculatmg RBCs Exposure was evaluated for 
mgestion only for groundwater, smce thls was assumed to be the only major groundwater 
exposure route The parameters used to evaluate potential exposure (and to calculate mtake 
factors) are presented m Tables B-1 through B-4 These parameters were presented m the 
Exposure Assessment Techmcal Memorandum No 5 (DOE 1993) Toncity values were derwed 
from IRIS (EPA 1993) and HEAST (EPA 1991a, 1992a), and are summarned m Tables 2-3 and 
2-4 RBCs were then multqhed by 1000 to generate the screenmg concentrations for use m the 
evaluation 

Note on dermal absorption of orgamcs from soil: 

The absorbed fraction (AB m Table B-3) IS the estunated fraction of organic compounds 
adhered to sod particles that partitions to and IS absorbed through slun Percent absorbed 
depends upon sod loadmg, organic carbon content of sod, contammant concentration, duration 
of exposure, anmal species used m the experunent, and whether the experunent IS conducted 
m vitro or m VIVO For purposes of ths ruk assessment, an upperbound estunate of absorption 
rate for organic compounds adhered to sod particles IS assumed to be 10 percent These rates 
are based on expermental results usmg B(a)P m acetone or m crude od, and adjustmg the 
absorption rates for shorter exposure duration and the observed retardmg effect of the sod 
medium' The expermental results are summarned m Table B-5, Percent Dermal Absorpbon 
of Neat Benzo(a)pyrene at 24 hours Absorption rates range from 3 to 51 percent at 24 hours 
The arithmetic mean absorption rate is 17 percent, and the 95 percent upper confidence h i t  
(95% UCL) on the mean rate is 26 percent To adjust these expermental rates to account for 
site-spec& exposure conditions, it IS assumed that the exposed mdividual showers wthm 12 
hours of exposure, and that absorption from sod IS one-fifth that of the pure compound (Yang 
et al 1989, Wester et al 1990) Therefore, the 24-hour absorption rates of Neat B(a)P are 
adjusted by a factor of 0 5 for a 12-hour exposure and 0 2 for the sod matrut effect Resultmg 
absorption rates are 

In recent guidance on d e 4  exposure .LfeLMlents (EPA 1992a). EPA has declined to recommend an rbrarption rate for B(a)P 
I soil because of the vanability m expenmental conditions and mults and the dficulty in extrapolating from high roil loadmgs 
(e g., tens of mg/cm? under expenmental conditions to lowcr hading (e g., 1 mJcm*) typical of human exporum (PA  1992b) 
(B(a)P at concentrations of 1 and 10 mg/kg and roil loadings of 40 to 56 m g / w ,  expenmental results for pemnt abrorbcd at 
24 houm ranges from 1 p a n t  vang et a1 19891 to 13 pemnt [wester et a1 i!J90]) 
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17 x 0 5 x 0 2 = 1 7 percent (average) 
26 x 0 5 x 0 2 = 2 6 percent (95% UCL) 

Therefore, 10 percent IS used as an upperbound estunate of dermal absorption rate of orgamc 
compounds adhered to sod 

It should be noted that B(a)P IS one of the more hpophhc of the polycychc aromatic 
hydrocarbons, and, therefore, it may be absorbed at a higher rate than a number of other 
orgamc chemicals of concern Also, the use of dermal absorpQon values obtamed m 
experunental a m a l  studm wdl almost always result m a conservative (1 e ,  hgher) estunate of 
dermal absorption m humans (EPA 1992b) Therefore, the dermal absorption rate used m t h  
analyses (10 percent) IS concluded to be a conservative estunate of a reasonable m m u m  rate 
of dermal absorption of organic compounds from sod 

B.2 GROUNDWATER 

Twenty-sm VOCs and SVOCs were reported at low frequency ( c 5% detection) m groundwater 
samples Table B-6 presents a comparlson of the m m u m  detected concentrahons to the 
health-based screenmg critena (both cancer and non-cancer) and presents the equations used 
to develop the screenmg concentrations Chemicals whose m m u m  detected concentratlon 
was greater than 1000 tunes either the cancer or non-cancer RBCs were retamed for further 
evaluation as potentd chemcals of concern Based on the comparmn to screemg-level 
concentrations, two chemicals, 1,Zdibromoethane and vmyl chloride, were identlfied as reqwmg 
further evaluation m the human health risk assessment as potential chemcals of concern (see 
Section 3 5) 

B.3 SOIL 

Potentially site-related organic compounds detected at less than 5 percent frequency m 
subsurface sod samples and m surface sods are hted m Tables B-7 and B-8 Table B-7 
(carcmogemc effects) presents a comparmn of the m m u m  detected concentrations m 
subsurface and surface sods to the health-based screenmg criteria (carcmogens) and presents 
the equations used to develop the screenmg concentrations Table B-8 presents a sundar 
comparson for non-carcmogenic effects 

As with groundwater, chemicals whose m m u m  detected concentration was greater than lo00 
tunes either the cancer or non-cancer ruk-based screenmg concentration were retamed for 

I r 



further evaluation as potential chemicals of concern Based on thls evaluation, no mfrequently 
detected chemicals found m surface or subsurface sods faded the screenmg evaluation (1 e ,  none 
were identlfied as special case chemicals of concern) 
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TABLE B-1 
ROCKY FLATS PLANT OU-2 - 

UHSU GROUNDWATER INGESTION 
" E T I C A L  FUTURE ON-SITE RESIDENT 

Intake Factor = I 
BW x AT 

Parameter RME 
IR Intake rate (l/day)" 2 0  

EF Exposure frequency (days/year)(*) 350 

ED Exposure duration (years)") 30 

FI Framon mgested from contammated source 1 0  

BW Body weight (kg) 70 

AT Averagmg tune (days) 
Noncarcmogemc 
Carcmogenic 

10,950 
25,550 

IF Intake Factor (L/kg-day) 
Noncarcmogenic 0 027 
Carcmogemc 0 0117 

Source EPA 1991c (1) 
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TABLE B-2 
ROCKY FLATS PLANT OU-2 - 

SOIL INGESTION 
CURRENT OFF-SITE RESIDENT (ADULT AND CHILD)"' 

Parameter RME 

IR 

FI 

ME 
EF 

ED 

CF 

BW 

AT 

IF 

Ingestion rate (mg/day)(') 

Fraction mgested from contammated sourcem 

Matrm effect" 

Exposure frequency (days/year)(') 

Exposure duration (years)(* 

Conversion factor (kg/mg) 

Body weight (kg) 

Averagmg tune (days) 
Noncarcmogenic 
Carcmogenic 

Intake Factor (kg/kg-day) 
Noncarcmogenic 
Carcmonenic 

A d u l t w  
100 200 

0 5  0 5  

1 0  1 0  

350 350 

24 6 

lod lod 

70 15 

10,950 
25,550 

1 8 x lod 
7 8 x lo4 

(I' The faleulation of a %year rrerdentlpl exposure to soil IS dnndcd into two parts Fust, a su-year exposure durahon IS 

evaluated for young chddren, and thm accounts for the pcnod of lugbest soil ingestion (200 mg,/day) and lowest body weight 
(15 kg) Second, a %year exposure duration IS u6cgcd for ddcr chrldrcn and adults by mng a lower sod ingestion rate 
(100 rndday) and an adult body weight (70 kg) (EPA 1991c) 
The PI assumes that 50 pcmnt of the sol1 ingcatcd daily IE from the contaminated source 
The matnx effect dcscnbcs the reduced avadability due to adsorphon of chemicals to sod or food compared to the same dosc 
adminIStercd orally in solution Therefore, the soil matnx has the effect of reductng the intake of the compound A matnx 
effect of 1 0 (100 pemnt absorpQon) IS used as a consematwe value for screening p u r p o ~ ~ ~  
EPA 1991c 

(') 

tn Thirty-year residential exposure EPA 1991c 
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TABLE B-3 
ROCKY FLATS PLANT OU-2 

DERMAL CONTACT WITH SURFACE SOIL- 
cuRRENToFJ?-sITEREsmENT 

Intake Factor = SA x AB x AF x FC x EF x ED x CF 
BW x AT 

Parameter RME 
SA Surface area (an2)(') 2,910 

AB Absorpbon factor0 0 1  

AF Adherence factor (mg/an2)m 0 5  

FC Fraction contacted from contammated source(') 0 5  

EF Exposure frequency (days/year)(3 350 

ED Exposure durabon (years)(@ 30 

CF Conversion factor (kg/mg) 10" 

BW Body weight (kg) 70 

AT Averagmg tune (clays) 
Noncarcmogenic 
Carcmogemc 

Noncarcmogenic 
Carcmoeenic 

IF Intake Factor (kg/kg-day) 

10,950 
25,550 

1 0  x lo4 
4 3 x 1 0 '  

iI 
1 

' I  
I 

Tho urfacc a m  u equwaht to face, f o e ,  and handr, or 15 percent of total body rurfacc @PA 1989) 
D e 4  abmpbon of metab fmm a rod matnx u1 C o N i d d  ncghgble For ~crccnmg purporsr, the abrorptton 
factor for aenuvolath, volatdm, ud other organ~cr u a u u d  to be 10 percent (ace Table B-8) 

The pc aurum that mrdcntr am at home for 16 houn per day and am at Work, rchool, or other  OM for 
8 houn per day 
A M U ~  that r#xJcds take 15 days per year vacatm (EPA 1991~) 

(1) 

(1) 

0 soum sedman1989 
(4) 

(9 

(s) Soum EPA 1991c 
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TABLE B-4 

INHALATION OF PARTICULATES 
ROCKY FLATS PLANT OU-2 

CURRENT OFF-SITE RESIDENT 

Intake Factor = IR x ET x E F x E D  x DF 
BW x AT 

Parameter RME 

IR = 

ET = 

EF = 

ED = 

DF = 

BW = 

AT = 

IF 

Inhalation rate (m'/hr)(') 

Exposure tune (hours/day) 

Exposure frequency (days/year)" 

J3posure duration (years)" 

Deposition factof) 

Body weight (kg) 

Averagmg tune (days) 
Noncarcmogenic 
Carcmogenic 

In take Factor (m3/ kg-day) 
Noncarcmogeruc 

0 83 

24 

350 

30 

0 75 

70 

10,950 
25,550 

2 0 x  10' 
Carcmogenic 8 8 x  10' 

(1) 

(3 EPA 1991c 
(3) 

Equnralent to 20 m'/day (EPA 1991c) 

Seventy-fnre percent of haled particles are deposited and r e m m  m the lung, it IS assumed that all 
chermcals m that fraction are absorbed (Cowherd 1985) 
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TABLE B-5 
ROCKY FLATS PLANT OU-2 

PERCENT DERMAL ABSORPTION OF BENZO(A)I'YRENE AT 24 HOURS 

% BaP Absorbed 
Source' at 24 hr Preparabon Vekcle Dose 

Yang et al 1986 6 Rat m VIVO Acetane 9-10 Ug/Cm2 

17 Rat m wtro Acetone 9-10 ug/cm2 

Yang et al 1989 6 Rat m VIVO 1 ppm BaP m 90 ug/m2 

12 Rat m wtro 1 ppm BaF' m 90 ug/Cm2 

Kao et al 1984 24 Mouse m wtro Acetone 1 ug/Cm2 

Kao et al 1985 3 Human m wtro Acetone 2 %/a2 

Kao et al 1988 10 Mice m wtro Acetone 2 5  ug/cm' 

Wester 1990 24 Human m wtro Acetone 10 PPm 

51 Rhesus monkey m wvo Acetone 10 PPm 

crude od 

crude od 

~ ~ ~ ~~~~~~~~ 

Average % 17 
Absorbed 

95% UCL 26 
% Absorbed 

Kao et al 1984 Toxlcology and Apphed Pharmacology 75 289-298 
Kao et al 1985 Toxlcology and Apphed Pharmacology 81 502-516 
Kao et al 1986 Tomcology and Apphed Pharmacology 94 93-103 
Yang et al 1986 Toxlcology and Industmi Health 2 409-416 
Yang et al 1989 Bulletrn of Enwonmental Contammants and Tox~cology 43 207-214 
Wester et al 1990 Fundamentals of Apphed Tox~cology 15 510-516 

(') The ated studes are from the references ated m EPA 1992 Dermal Exposure Assessment 
Prmaples and Apphcabons (EPA/800/8-91/011B) Studes not ated m tlus table d u d e  those 
conducted m prewously frozen tmue and Sanders et al 1984 (m VIVO percutaneous absorpbon of 
BaP m mouse) The latter was excluded because mouse skm has been shown to be 2 5 to 5 tunes 
more permeable than skm of other speaes, mcludmg humans (Kao et al 1985, as uted m EPA 1992 
Dermal Exposure Assessment Pmaples and Apphcabons) 
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OU-2 DOMESTIC WATER SUPPLY SIMULATIONS 

The results of computer simulations of domestic 
water production capabilities from subsurface units beneath 

OU-2 at the Rocky Flats Plant, Golden, Colorado 

This work was performed by the Earth Resources Division 
for the Remediation Programs Division 

in support of risk analysis studies. 

September 10, 1992 
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OU-2 Domestic Water Supply Simulations 
- 

To investigate the water production capabilities of the near surface 
hydrostratigraphic units beneath Operable-unit 2 at the Rocky Flats Plant several 
transient pumping computer simulations were performed. These simulations were 
designed to determine whether these units could produce sufficient water to supply 
a hypothetical four-member household. A daily pumping requirement of 240 gallons 
per day (gpd) was assumed based on a daily water requirement of 60 gallons per 
person 

Independent simulations were performed for three different hydrostratigraphic 
units Models were constructed for the Rocky Flats Alluvium, hillslope colluvial 
materials, and an unconfined Arapahoe sandstone unit representing the #1 sandstone 
beneath OU-2. The Rocky Flats Alluvium and hillslope colluvial materials were not 
considered reliable water sources but were included in the simulations since they 
comprise the upper-most hydrostratigraphic units and have been impacted by plant 
activities. The Arapahoe sandstone unit was included because it was considered to 
be the best prospect for producing water from the Arapahoe Formation. The 
claystones of the Arapahoe formation were not considered good prospects for water 
and as such were not modeled. 

METHOD 

Simulations were performed using the USGS MODFLOW groundwater flow 
simulation package (McDonald and Harbaugh, 1 988). Input parameters common to 
all simulations are listed in table 1 .  Separate simulations were done for the Rocky 
Flats Alluvium, hillslope colluvium and the Arapahoe sand unit. A listing of the input 
parameters for these simulations are given in tables 2,3, and 4. Simulations were run 
using a daily time-frame until the pumping-well grid cell went dry or the end of the 
simulation (365 days) was reached. 

Each-day of the transient simulation was divided into two periods and each 
period was divided into two timesteps. The first 2.7 hours of each day was used as 
a pumping period. It was assumed that the household maintained water storage 
capabilities and that this pumping period was used to replenish the water storage 

1 



OU-2 Domestic Water Supply Simulations 

Water Requirement 240 gpd Based on 60 gal/person/day 

Pumping Rate 1 5  gpm Assumed 

Pumping Time per Day 2.7 hrs Based on pumping rate 
r 1 

system. A pumping rate of 1.5 gpm was used. This rate is below the 3-5 gpm rate 
commonly used for domestic wells and as such is conservative. The pumping period 
was based on the total daily water requirement (240 gal.) and the pumping rate (1.5 
gpm) 

X to Y Anisotropy 1 (isotropic) I Assumed I 

240 gaV(1.5 gal/min 60 min/hr) = 2.7 hrs 

The remaining 21 3 hours of each day allowed water level recovery to take place. 

The pumping well was located at the center of the grid cell array. A variable 
grid spacing ranging from 5 feet at the well to 50 feet at the boundaries was used to 
provide realistic drawdown conditions near the well. The grid spacing for each 
scenario are given in tables 2, 3, and 4. 

Boundary conditions were either constant head (equal to the initial head) or no- 
flow depending on the scenario. For the Rocky Flats Alluvium and hillslope colluvium 
scenarios constant head boundaries were used at all boundaries. For the Arapahoe 
sandstone simulation the modeling grid was intended to represent a discontinuous 
channel sand deposit. To implement this confi$uration no-flow boundaries were 
placed along two parallel sides of the grid with constant head boundaries along the 
other two sides. 

Table 1 
Modeling parameters common to all scenarios 

IFPARAMETER I VALUE I SOURCE 

2 
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POCK Y FLATS ALLUV IUM SCENARIQ 

Scenario specific parameters for the Rocky Flats Alluvium simulation are given 
in table 2. The modeling grid for this scenario consisted of a 19 by 19 grid cell array 
with the pumping well at the center of the grid and constant head boundaries (equal 
to the inrtial head) along each edge of the grid. The grid spacing in feet for the x and 
y directions increased from the well as follows 5d-7-1 0-1 5-25-35-50-50-50-5ObW 
(see figure 1 ). The hydraulic conductivity value comes from the recent OU-2 aquifer 
pump testing program. The value used represents the geometric mean of the results 
from two test locations. The specific yield came from lab analyses of core samples 
and example values from the literature for fine-grained materials (Fetter, 1980, pg. 
68). The initial saturated thickness represents the historical average for well 1787 
which is within OU-2. During initial pump test planning this well was observed to  
have the greatest alluvial saturated thickness and therefore should represent the most 
reliable OU-2 alluvial water source. 

Table 2 
Modeling Parameters for Rocky Flats Alluvium 

PARAMETER VALUE 

Hydraulic Conductivity 1.6 ftlday 

Specific Yield 0.10 

Grid Spacing (variable) 

Hydrogeologic Unit Condition Unconfined 

In it ial Saturated Thickness 

Boundarv Conditions Constant head 

from 5 to 50 ft 

7.2 ft 

SOURCE 

OU-2 pumping test 

Lab analyses/literature 

Assumed 

On-site observation 

0 bservation wells 

Assumed 

Results 
For the Rocky Flats Alluvium scenario the pumping-well grid cell went dry 

within one to two hours after pumping started on the first day of the simulation. 
These results are consistent with the low pumping rates (0.3 - 0.056 gpm) required 
during field pump testing to avoid excessive drawdown. 

3 
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50 

50 

35 

25 

15 

10 
7 
5 

35 50 50 

I 
Figure 1 Figure shows 1/4 (upper right-hand quadrant) of an example model grid 
In model well is at center of grid Grid spacings in feet The number of grid nodes 
for each model may differ, but grid spacings are similar Not to scale. 
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HILLSLOPE COLLUVIUM SCENARIO 

Scenario specific parameters for the hillslope colluvium simulation are given in 
table 3. The modeling grid for this scenario consisted of a 19 by 19 grid cell array 
with the pumping well at the center of the grid and constant head boundaries (equal 
to the initial head) along each edge of the grid. The grid spacing in feet in the x and 
y directions increased from the well as follows 5,~7-10-15-25-35-50-50-50-50- 
(see figure 1).  Because there were no hydraulic conductivity values for OU-2 
colluvium, data from slug-tests in colluvial material from OU-1 were used. These 
values should be representative of conditions in OU-2 since OU-1 and OU-2 are 
physically adjacent to each other. The specific yield came from lab analyses of core 
samples and example values from the llterature for finegrained materials (Fetter, 
1980, pg. 68). The initial saturated thickness represents the average for well 0687 
which is within OU-2. Comparisons of water level data indicate this well has 
historically had relatively large saturated thicknesses and would therefore represent 
conditions most promising for OU-2 colluvial water production. 

Table 3 
Modeling Parameters for Hillslope Colluvium 

PARAMETER VALUE 

Hvdraulic Conductivity 0.1 7 &/day 

Specific Yield I 0.10 

- I  

- I  

~~ ~ 

Grid SDacina (variable) 

Hydrogeologic Unit Character Unconfined 

Initial Saturated Thickness 3.6 ft 

Boundary Conditions Constant head 

I from 5 to 5 0 f t  1: 

~ 

SOURCE 

OU-1 field testing 

Lab analvsesAiterature 

Assumed 

On-site observation 

Observation wells 

Assumed 

Results 
For the hillslope colluvium scenario the pumping-well grid cell went dry within 

one hour after pumping started on the first day of the simulation. This is consistent 
with the low hydraulic conductivity and small saturated thickness observed for 
colluvial materials. 
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ARAPAHOE SANDSTONE SCE NARIO 

Scenario specific parameters for the Arapahoe Sandstone simulation are given 
in table 4. The modeling grid for this scenario consisted of a grid cell array of 23 
rows by 31 columns with the pumping well at the center of the grid. The rectangular 
shape of the modeling grid represents the elongate physical shape of the sandstone 
unit as reconstructed from borehole information. Constant head boundaries (equal to 
the initial head) were used along the first and last columns of the grid with no-flow 
boundaries set along the other two edges. The grid spacing in feet in the x and y 
directions increased from the well as follows 5,-7-10-15-25-35-50-50- ... -50- 
(see figure 1). The hydraulic conductivity value came from OU-2 aquifer pump 
testing. The specific yield IS assumed equal to the effective porosity computed for 
this sandstone from the OU-2 tracer test program. The initial saturated thickness 
represents the historic average for well 3687 which was included in the OU-2 aquifer 
test program for the #1 Arapahoe Sandstone. 

I 
1 I 

I I Table 4 
Modeling Parameters for Arapahoe Sandstone 

I 
PARAMETER 

~ 

Hvdroaeoloaic Unit Condition 

VALUE SOURCE I 
Hvdraulic Conductivitv 1.1 Wdav OU-2 field testina 

Specific Yield 0 12 OU-2 tracer testing 

Assumed Grid Spacing (variable) from 5 to 50 f t  

I Unconfined On-site observation 

Initial Saturated Thickness 33.7 ft Observation wells 

I Boundary Conditions Constant head I Assumed I & NO flow 

Results 
For the Arapahoe Sandstone scenario the pumping well was able to meet the 

water requirement without dewatering the pumping-well grid cell. The maximum draw 
down observed at the pumping well after 365 days was 3.2 feet indicating that the 
aquifer was not highly stressed at this pumping rate. These results are consistent I 
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with OU-2 aquifer testing that resulted in approximately seven feet of draw down 
after five days of continuous pumping at 1.6 gpm. 

SUMMARY OF FINDINGS 

Based on groundwater flow simulation results neither the Rocky Flats Alluvium 
nor the hillslope colluvium materials within OU-2 are capable of producing sufficient 
water to support a four-member household consuming 240 gallons per day. Using a 
2.7 hour daily pumping period and a rate of 1.5 gpm, both the alluvium and the 
colluvium wells would be pumped dry within one day (table 5). In contrast, a well 
within the Arapahoe sandstone beneath OU-2 would appear to  provide a reliable water 
resource at the required rates given above. The well grid-point in this simulation 
experienced only minimal drawdown after one year of daily-pumping cycles. 

Table 5 

Summary of simulation results 

FORMAT10 N I WATER 

DAYS 
PRODUCTION 

11 Rocky Flats Alluvium I I 

1 Arapahoe Sandstone I 

To investigate the water resource potential for the OU-2 Arapahoe sandstone 
unit the total water available from this unit was computed (table 6). The average 
spatial dimensions of the sandstone unit were taken from isopach maps constructed 
from well and borehole information. The average saturated thickness is an assumed 
value derived from observational water level data and sandstone thickness 
information. The specific yield is assumed equal to the effective porosity as used 
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Length of sand 

Width of sand 

above. 
Assuming an annual water requirement of 2,920 cubic feet (equivalent to 60 

gal/day 365 days) there appears to be sufficient water volume in the sand to 
support ten four-person families for approximately 54 years (6,300,000 cu ft / (2,920 
cu ft/person/year 40 persons) = 53.9 years). This assumes complete desaturation 
of the aquifer (which is virtually impossible) and does not account for any external 
recharge to the aquifer. 

4,200 ft 

500 ft 

Table 6 

Arapahoe Sandstone Water Resource Evaluation 

Daily water need 

Annual water need 

DESCRIPTION I VALUE I UNITS It 

8 cu ft/person/day 

2,920 cu ft/person/year 

1 Sat. thickness of sand I 25 Ift 

Specific yield I 0.12 I 

I Daily water need I 60 I gal/person/day 
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TABLE D-2 

95% UTL COMPARISON 
DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCdL 

NO. 1 SANDSTONE 

ROCKY FLATS PLANT OU-2 - 

ou-2 Dctectcd Bknd Bknd 95% % ou-2data 
Analyte Mln Max DF Max Ull.4 (1) > 95% UTL 
Amenam-24 1 0 005 004 414 - NE * 
mlm-137 0 6  0 5  214 - NE 
Pl~t01~m-239/240 0006 0006 4 4  - NE * 
W U I ~ - 2 2 6  0 3  10 19/19 2 9  386 0 

Strontmm-89190 0 009 1 6  87/95 1 3  0 9  6 3  
T n b m  6 7  736 73/73 413 357 11 
Uraru~m-233/234 0 67 12 101/101 16 12 00 1 
U w ~ m - 2 3 5  0 02 0 43 75/8 1 0 4  0 33 2 
U m ~ m - 2 3 8  0 4  9 4  97197 10 7 7  1 

(1) Background G e m h m d  Charactemuon &port, Rocky Flats Plant, EG&G 1992 

DF = D m o n  frecluency (no detectdno samples) 
NE = not evaluated Data m d a c n t  to calculate 95% UTL 
* Cornpansancannotbemade 
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TABLE D-1 
ROCKY FLATS PLANT OU-2 - 

95% UTL COMPARISON 
DISSOLVED METALS IN GROUNDWATER, &L 

NO. 1 SANDSTONE 

ou-2 Detected Bknd Background % dOU-2data 
Analyte Mln Max DF % Max 95% uTL(1) > 95% uTL(2) 
Aluminum 
Anmony 

BalllUn 
Beryllium 
cadrmum 
ceslum 
cbromum 
Cobalt 

copper 

b N C  

Lead 
Llthlum 

Ma4.W- 
Mercury 
Molybdemm 
Nickel 
Selemum 
Silver 
Strontmn 
Thalhum 
Tin 
VaaadrUm 
Zinc 

8 6  
9 
1 

82 
1 
1 

30 
3 
3 
2 
1 

2 
1 

0 21 
3 
2 
1 
2 

253 
1 
14 
3 
2 

367 
56 
1 

352 
3 

98 
100 
23 
3 
9 
2 
38 

1,240 
0 25 
16 

23 
10 
4 
744 
2 
34 
10 
56 

85 
15 
6 

100 
5 
13 
19 
19 
1 
19 
5 
79 
68 
2 
36 
22 
48 
7 
98 

6 
7 
76 
69 

3,780 
36 
15 
182 
3 5  
7 

1,250 
16 
25 
175 
22 

249 
440 

1 2  
114 
20 
76 

12 5 
1,910 

5 
100 
25 
120 

1,050 
44 
8 

152 
4 
4 

870 
11 
40 

55 
10 
129 
158 
0 5  
125 
31 
31 
12 

1,040 
8 

137 
35 
47 

0 

2 
0 

59 
0 

2 
0 

5 
0 

0 

0 

0 

20 
0 

0 

0 
0 

0 

0 

0 
0 

0 
4 

(1) Background Geuchc~~~cal CbaractenzaUon Report, Rocky Flats Plant EG&G 1992 
(2) UTL -mmpmson IS per€ormed using one-half the &-on limt for results reponed as nondctect 

Therefore, the maximum detected value in OU-2 can be below the 95% UTL of background m n  through 
the UTL cornpanson shows that a certam percentage of OU-2 data exceeds the 95% UTL 
of background 

DF = D e m o n  fresuency 
I 
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TABLE D-2 

%Vi UTL COMPARISON 
DISSOLVED RADIONUCLIDES IN GROUNDWATER, pCdL 

NO. 1 SANDSTONE 

ROCKY FLATS PLANT OU-2 - 

% ou-2data 
Analyte h4ln Max DF Max (1) > 95%uTL 
Amenaum-24 1 0 005 004 414 - NE * 
mlum-137 0 6  0 5  u4 - NE 
PlutonIm-239/240 0006 0006 4 4  - NE * 
Rad~~m-226 0 3  1 0  19/19 2 9  386 0 
Stronbum-89/90 0 009 1 6  87/95 1 3  0 9  6 3  
Tnbum 6 7  736 73/73 413 357 11 
UIWU~-23 31234 0 67 12 101/101 16 12 00 1 
UIWU~-235 0 02 0 43 75/8 1 0 4  0 33 2 
U ~ W - 2 3 8  0 4  9 4  97/97 10 7 7  1 

ou-2 Detected Bknd Bknd 95% 

(1) Background Geochermcal Charactenzabon Report, Rocky Flats Plant, EG&G 1992 

DF = Detecuon frequency (no detectdm samples) 
NE = not evaluated Data i d c l e n t  to calculate 95% UTL 
* Cornpansoncannotbemade 
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